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TERPENOIDS. PART V. SYNTHESIS OF 
4:4:3-TRIMETHYLcycloHEX-2-ENONE 


By R. P. Ganpur, Vic AND S. M. MUKHERJI 


An unambiguous synthesis of 4:4: 3-trimethylcyclohex-2-enone, the principal component of 
“Tiemann’s isocamphorphorone” has been described. 


Consequent upon the reported oxidative transformation of §-campholenic acid 
to the six-membered unsaturated ketone (I) by Tiemann (Ber., 1897, 30, 342; 1895, 
28, 2167), an interpretation of the mode of this cyclic artifact and its synthetic produc- 
tion were studied by several workers (Bouveault, Bull. soc. chim., 1808, iii, 19, 565; 
Buchman and Sargent, J. Org. Chem., 1942, 7, 140; Von Braun etal., Annalen, 
1931, 490, 188; Chem Absi., 1932, 26, 427). It was demonstrated (Buchman and 
Sargent, loc. cil.) that the original ‘‘Tiemann’s isocamphorphorone’’ preparation was 
a mixture of the ketones (1) and (II) with the former constituting the principal 
component. The synthetic preparation of «8-pulenenone (Ii) was earlier described 
by Auwers and Hassenland (Ber., 1908, 44, 1812). However, the preparation of the 
predominant ketonic isomer {I) has so far been restricted only to the adaptation of 
Tiemann’s original fortuitous method or to the modified oxidation reaction with lead 
tetra-acetate on dihydroxydihydro-8-campholenic acid, proved to be an intermediate 
in the Tiemann’s preparation of (1) (Buchman and Sargent, loc. cit.). This course, 
involving, as it does, a single or two-stage conversion of dihydroxydihydro-8-campholenic 
acid or B-campholenic acid into the six-membered cyclic ketone (I) through an 
assuined intermediate keto-acid, remains equivocal in so far as it admits of the si:nul- 
taneous formation of the alternate structure (II) (cf. Buchman and Sargent, loc. cit.). 


4 4 
Me Me Me (Me 

(1) (II) 


In view of this and of the utility of the ketone (I) in synthetic work (cf Buchman 
and Sargent, loc. cit.), a new and straightforward synthetic route to (I) has 
now been worked out. Our approach envisages the conversion of an appropriately 
substituted cyclohexan-1:3-dione into its enolic ether (Frank and Hall, J. Amer, 
Chem. Soc., 1950, 72, 1645) which serves as a precursor of «f-unsaturated cyclic 
ketones ‘cf. Seifert and Schinz, Helv. Chim. Acta, 1951, 84, 728; Gandhi, Walia 
and Mukherji, this Journal, 1957, 34, 509). 


= 
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The diketone (IJI; Ensor and Wilson, J. Chem. Soc., 1956, 4068) was prepared 
in an improved yield (vide Experimental), starting from diethyl %«-dimethylglutarate. 
An essentially identical procedure to that of the Eusor and Wilson method was followed 
with the difference that these authors used the corresponding dimethylglutarate as 
the starting material and sodium methoxide for cyclisation. 


OBu‘ 
\| | 
Me Me Me Me "f. * 
(III) (IV) 
- (V) 


The diketone (III), on treatment with butanol‘ in refluxing benzene in the 
presence of catalytic amount of PTS, was converted, in 62.2% yield, into 6:6-di- 
methyl-3-butoxy‘cyclohex-2-enone (IV). The orientation in the enolic ether (IV) 
is based on the considerations of stereo-interactions involving the geminal dimethy] and 
the butoxy‘ groups. Moreover, if the mesomeric enolate ion (V) is the intermediate 
in the formation of the enolic ether (IV), the charge density should be the most on the 
oxygen atom furthest from the butyl‘ moiety having strong electron-repelling inductive 
effect (+ I effect). 

The enol ether (IV) was then ailowed to react with methylmagnesium iodide 
and the intermediary carbinol (not isolated), on subsequent acid treatment, underwent 
smooth conversion into 4:4: 3-trimethylcyclozex-2-enone (F) in 72% yield. No trace of 
a8-pulenenone (II) could be detected in the final product (I), thus showing the 
unidirectional enolic ether fromation as in (IV). The «8-unsaturated ketone (I) 
furnished a semicarbazone and a deep red 2 : 4-dinitrophenylhydrazone. 


*EX PERIMENTAL 


Diethyl a2z-Dimethylglutara'e.—22-Dimethylglutaric acid was obtained from 
y-formyleapro‘-nitrile (Born et al., J. Chem. Soc., 1953, 1781) through a hydrolysis- 
oxidation sequence (Lewis and Hinds, J. Amer. Chem. Soc., 1952, 74, 304) and finally 
converted into the corresponding di-ester. ' 

Ethyl hydrogen-«+-dimethyl glularate was prepared from the preceding ester 
(80 g.), KOH (20.7 g.) and ethanol (200 c.c.) in 85% yield (60 g.), b.p. 155-60°/6 mm, 
(Found : C, 57.35; H, 8.70. CyH,.O4 requires C, 57.43 ; H, 8.57%). 

y-Ethoxycarbonyl-yy-dimethylbutyryl Chloride-—-A mixture of the acid-ester 
(60 g.), anhydrous benzene (100 c.c.) and thionyl chloride (50 g.) yielded 55 g. (83.46%) 
of the ester-acid chloride, b.p. 112-15°/5 mm. (Found: C, 52.60; H, 7.35. 
C,H,;0;Cl requires'C, 52.17 ; H, 7.20%). : 


* Melting and boiling points are uncorrected. Microanalyses by Drs. Weiler and Strauss, Oxford. 
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Ethyl 6-Keto-ax dimethylcaproate.-~Cadmiumdimethyl, prepared from anhydrous 
cadmium chloride (46.5 g.) and MeMgI (from 78 g. Mel), when allowed to react with the 
above acid chloride (51.6 g.) in benzene at reflux temperature for 1/2 hour, produced 
26 g. (55%) of the corresponding keto-ester, b.p. 112°/7 mm. (Found: C, 63.06; H, 
9.60. C,.H,,03 requires C, 64.49; H, 9.74%). 

4:4-Dimethylcyclohexan-t : 3. dione (III).—Toa suspension of dry potassium butoxide‘ 
(from 3.9g., 0.1 g- atom of K) in anhydrous ether (roo c. c.) was introduced. 
gradually and with cooling, ethyl 5-keto-%z-dimethylcaproate (20 g., 0.1M) in dry 
ether (30 c.c.). The contents were then left standing at room temperature for 
12 hours and finally refluxed for 13 hours. The reaction mixture was decomposed 
with ice-cold HCI (dil., 80 c.c.). On working up the hydrolysate in the customary 
manner, a highly viscous colorless oil (12 g., 79%) was obtained, b.p. 130°/7 mm, 
which solidified on keeping. Crystallised from benzene-pet. ether mixture (60-80°) 
as colorless needles, it melted at 106° (lit. m.p. 103-105°). 


The diketone did not exhibit any characteristic colour with alcoholic ferric 
chloride solution. (Found: C, 69.1 ; H, 8.35. CsH,,0, requires C, 68.54 ; H, 8.63%). 


6 :6-Dimethyl-3-butoxy'cyclohex-2-enone (IV).— A mixture of diketone (VII, 
12 g., 0.857M), butanol’ (8 g., 0.1M), anhydrous benzene (100 c.c.) and a little 
p-toluenesulphonic acid was refluxed under a Dean and Stark fwater-separator - for 
about 6 hours (when water stopped collecting in the separator), Thereafter, the 
contents were cooled and excess PTS was destroyed with a little sodium ethoxide in 
ethanol. Water (100 c.c.) was added and the organic material was taken up in ether. 
After removal of the solvent the residue was distilled in vacuum to obtain 10 g. 
(62.2%) of a colorless oil, b.p. 115°/3 mm, m5‘ 1.463. (Found: C, 72.92; H, 10.2. 
C,2H»O. requires C, 73.43 ; H, 10.27%). 

4:4:3-Trimethyleyclohex-2-enone (I).—Grignard reagent was prepared from 
clear dry magnesium (1.8 g., 0.075 g. atom), Mel (11 g., 0.08M) and dry ether 
(50 c.c.). To this was added isobutoxyketone derivative (IV) (10 g., 0.05M) 
dropwise and under ice-cooling. The contents were left overnight and then refluxed 
for an hour. The reaction mixture was decomposed with H,SO, (cold, dilute, 50 c.c.) 
and the hydrolysate, after having been stirred at o-10° for 4-5 hours, was worked up 
in the usual way to obtain 5 g. (71.4%) of a colorless oil, b.p. 93-95°/10 mm, mp** 1.4840. 
(Found: C, 78.23; H, 10.6. C,H,,O requires C, 78.21 ; H. 10.21%). 

The 2:4-dinitrophenylhydrazone of the ketone was prepared in the usual 
manner which, after crystallisation from absolute ethanol, afforded deep red needies, 
m.p. 168°. (Found: N, 17-3. C,;H,sO,N, requires N, 17.60%). 

The semicarbazone on crystallisation from ethanol was obtained as colorless 
needles, m.p. 206-207° (lit. m. p. 206.5-207°; Buchman and Sargent, loc. cit.). 
(Found: N, 21.8. C,.H,;ON, requires N, 21.52%). 


CHEMISTRY DEPARTMENT, 
PanjaB UNIVERSITY, 
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ESTIMATION OF NICKEL BY 28-DIOXIMINOACETOACETANILIDE 
By J. S. Dave AND A. M. TAratr 


a8-Dioximinoacetoacetanilide precipitates nickel quantilatively as Ni(CjgH9O3N3)2 at PH 6.2-8.6. 
Effect of ions on the estimation of nickel by this reagent has been investigated. 


a-Dioximes have found wide applications in the detection and estimation of 
nickel. Thus, dimethylglyoxime (Tschugaeff, Z. anorg. Chem., 1905, 46, 144), 
a-benzildioxime (Atack, Analyst, 1913, 88, 316), diphenylglyoxime (Gutzeit, Helv. 
Chim. Acta, 1929, 12, S29, 841), 1:2-cyclohexanedione dioxime (Wallach, Annalen, 
1914, 487, 148; Voter et al., Anal. Chem., 1948, 20, 458), etc. are suggested as 
reagents for nickel. In the present communication the investigations on the use 
of «8-dioximinoacetoacetanilide as a reagent for nickel have been discussed. Nickel 
forms with «8-dioximinoacetanilide an organge-yellow complex which is formulated 
as Ni(C,oH,0O3N3)2. Nickel is quantitatively precipitated by this reagent within the 
pH range 6.2-8.6. Various anions and cations (studied herein) do not interfere with 
the estimation of nickel by this reagent under prescribed conditions. 


ExPERIMENTAL 


«8-Dioximinoacetoacetanilide was prepared from acetoacetanilide (Dave and Talati, 
Curr. Sci., 1957, 26, 326). 1% Alcoholic solution of this reagent was used for all 
estimations. 

A weighed quantity of nickel chloride (Analar) was dissolved in a little water 
and diluted toa definite volume. Nickel content of the solution was determined by the 
dimethylglyoxime method. All other reagents used were of C.P. grade. 


Preparation and Composilion of the Complex.—Nickel chloride solution (10 c.c.) 
was diluted to about 100 c.c. with distilled water and to the warm solution was added 
a sufficient amount of the reagent solution. An orange-yellow precipitate was obtained 
which was digested on the water-bath for about an hour. The precipitates were 
filtered, washed with water and alcohol and dried at 110-20°. A weighed quantity 
of the precipitate was digested with aqua regia to oxidise the organic matter, and 
then evaporated nearly to dryness in presence of excess HCl. ‘The residue was 
extracted with HC! (dil.) and its nickel content was determined by the dimethyl- 
glyoxime (DMG) method. [Found: Ni (by DMG), 11.71, 11.74. Calc. for 
Ni(C,o0H1003N3)2: Ni, 11.76% ]. 

The results suggest the composition as Ni(C,»HO3;Ns). for the nickel complex 
of «8-dioximinoacetoaceianilide, which may be represented as 


x 
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OH 
CH;,——C=N 

Ni 

C,H;NHCO——C=N 
NX 

O 


Analytical Procedure.—An aliquot quantity of nickel chloride solution was diluted 
to about 200 c.c. with distilled water, warmed and to it was added a sufficient amount 
of the reagent solution (1 g. reagent for 0.09 g. Ni andthe pH was adjusted to 
7.0 to 8.0. The orange-yellow precipitate formed was digested on the water-bath for 
about an hour, filtered through a sintered glass crucible or quantitative filter paper, 
washed with water and dried at 110-20° to a constant weight. This was weighed 
as Ni(C,,.H,.O3N;)2, the factor for nickel being 0.1176. Some of the results are 


recorded in Table I. 


TABLE I 

Ni taken. Salt added. Ni-chelate Ni found. Frror. 

obtained. 

§.81 mg. ie P= 57.8 mg. 6.80 mg. — 0.01 mg. 
13.22 112.6 13.24 +0.02 
20.03 170.9 20.10 +0.07 
26.44 224.4 26.39 —0.05 
13-22 Na-Ac 2.0 g. 112.1 13.18 0.04 

6.81 K,SO, 2.0 58.2 6.84 +0.03 

6.81 KBr 2.0 57-9 6.81 +0.00 

6.81 KI 2.0 58.2 ° 6 84 +0.03 
13.22 CdSO, 0.064 113.2 13.31 “+0.09 

6.81 FeCl, 0.338 7.3 6.74 —0.07 

6.81 CaCl, 0.55 58.1 6.83 +0.02 

6.81 BaCl, 0.75 57.8 6.80 —0.01 

6.81 MgCl, 0.50 58.4 6.87 +0.06 
13.22 HegCl, 0.068 113-4 13.33 +0.11 

6.81 CrCl, 0.033 57.8 6.80 0.01 
13.22 0.072 111.3 13.09 —0.13 


Effect of pH.—In order to study the pH range over which nickel could be 
completely precipitated by these reagents, estimation of nickel was carried out in 
solutions having different pH values. pH of the undiluted filtrates was determined by 
Land N pH meter. The results recorded in Table I] show that nickel is completely 


precipitated by this reagent within pH 6.2-8.6. 


TABLE II 
Ni taken. pH. Ni-chelate obtained. Ni found. 
13.22 mg. 5.02 108.4 mg. 12.75 mg. 
6.81 5-42 55-5 6.53 
6.81 6.22 57-7 6.79 
6.81 6.94 57.8 6.80 
6.81 8.58 57-9 6.81 


13.22 9.62 90.5 10.64 
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Effect of Anions and Cations.—In order to study the effect of ions, estimation 
of nickel was carried out in presence of different anions and cations at pH 7-8. (In 
presence of tervalent cations like Cr** and Fe**, estimations were carried out after 
complexing these ions with citric or tartaric acid). The results are recorded in 
Table I. 

The results indicate that in presence of ions like bromide, iodide, sulphate, 
mercuric, cadmium, ferric, chromium, zinc, calcium, barium, magnesium, the esti- 
mation of nickel by this reagent is satisfactory. 

Thanks of the authors are due to Dr. B. N. Mankad, Professor of Chemistry, 
V. P. Mahavidyalaya, and Dr. S. M. Sethna, Professor of Chemistry, Faculty of 
Science, for their continued interest in the work. One of them (A.M.T.) is indebted 
to Dr. S. V. Shah, Principal, Petlad Coilege, for his encouragement to carry out 


this work. 
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VISUAL TITRATIONS IN NON-AQUEOUS SOLVENTS WITH CRYSTAL 
VIOLET AS AN INTERNAL INDICATOR 


By Ram CHAND Paul, JASWANT SINGH AND SARjIT SINGH SANDHU 


Acid. base titrations in sulvents, such as phosphorus oxychloride, thionyl chloride, arsenic trichloride, 
carbon tetrachloride and chlorobenzene, have been attemped with crystal violet as an internal indicator. 
The reversible nature of the indicator with stannic chloride and titanium tetrachloride as acids, and 
quinoline, a-picoline and dimethylaniline as bases in phosphorus oxychloride and thionyl chloride has 
been indicated. In the case of arsenic trichloride, the basic solutions are only successfully used as 
titrants. Carbon tetrachloride and chlorobenzene do not allow the quantitative assessment of the acids 
and bases in these titrations as the reaction is very slow and the indicator is usually irreversibly 
adsorbed by the precipitate formed during the titration or is chemically attacked. A marked differ- 
ence in the mode of the reaction of these acids and bases in polar and non-polar solvents is suggested. 


The colour changes of an acid-base indicator usually depend upon the #H or the 
concentration of H* and OH™ ions in aqueous solutions. Quite recently, the study 
of solvents, such as phosphoryl chloride and arsenic trichloride (Gutmann, Monatsh., 
1954, 85, 393 ; 1952, 83, 159; 1953, 84, 1191 ; Anderson and Lindqvist, Acta Chem, 
Scand., 1955, 9, 79) has shown that these also ionise like water. In these solvents, 
however, the acids and bases would be those substances which would increase the 
concentration of cations or anions characteristic of the solvents. In case the proposed 
ionic species actually exist, it should be possible to study a change in their concentra- 
tion with the help of indicator dyes. But these solvents appear to attack the compounds 
which contain hydroxyl and primary or secondary amino groups. 


Crystal vjolet, which possesses tertiary amino groups, seems to work satisfactorily. 
It has already been used as an indicator in thionyl chloride (Garber et al., Anal. Chem., 
1953, 25, 581) though not with much success, However, its use has recently been 
extended to acid-base titrations in acetyl chloride (Paul et ai. Chem. & Ind., 1958, 
622 ; Singh et al., J. Chem. Soc., 1959, 845) and benzoyl chloride (Paul et al., this Journal, 
1958, 35, 877). Encouraged by the successful working of this indicator in the afore- 
mentioned solvents, which are clearly similar to phosphoryl chl \ride, thionyl chloride 
and arsenic trichloride, acid-base titrations with the aid of this indicator have been 
carried out in these solvents. The difference between the influence of the nature of 
ionising and uon-ionising solvents has alSo been studiei, and the results obtained 
in chlorobenzene and carbon tetrachloride are not sufficient for quantitative inter- 
pretation. The present investigation comprises the study of neutralisation reactions 
between the Lewis acids-stannic chloride and titanic chloride, and the organic tertiary 
basesspyridine, «-picoline, quinoline and dimethylaniline. 
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ExPERIMENTAL 


Phosphorus oxychloride (commercial) was fractionated in an all-glass apparatus 
and the fraction boiling at 104-105° was collected. The distillate was mixed with 10% 
dimethylaniline (by weight) to remove acidic impurities, and refractionated to obtain 
a colorless distillate boiling at 106°/740 mm. 


Thionyl chloride was purified by treating the distillate (b.p. 74-76°), obtained 
from the commercial sample, with 2% quinoline and the fraction boiling at 75.5°/732 mm 
was collected. Arsenic trichloride was fractionated and the distillate boiling between 
129° and 131° was treated with 10% dimethylaniline. The mixture was refractionated 
when arsenic trichloride boiling at 130°/732 mm was taken. 


Stannic chloride and titanium tetrachloride were kept over tin (A.R.) pieces and 
copper turnings respectively and fractionally distilled in an all-glass apparatus in an atmos- 
phere of dry nitrogen. TiCl,, b. p. 130-31°/740 mm; SnCk, b. p. 112.5-13°/712 mm. 

Organic tertiary bases-pyridine, «-picoline and dimethylaniline, were purified 
by usual methods and fractionally distilled. Quinoline was first precipitated as zinc 
chloride complex which was decomposed with alkali, quinoline extracted with ether 


‘and finally fractionated. Quinoline, b.p. 229-30°/740 mm; pyridine, b.p. 112-12 5°/ 


737mm; «-picoline, b.p. 126-26.5°/735 mm ; dimethylaniline, b.p. 192-93°/735 mm. 


Chlorobenzene and CCl, were purified by usual methods and dried over 
P,0;. The liquids “were fractionally distilled. Chlorobenzene, 131°/739 mm; CCl, 
76°/740 mm, 

Procedure —In the manipulation "of solutions a dry box was employed and while 
weighing the substance, maximum care was taken to avoid the contact of moist air. 
The titration assembly consisted of a modified microburette equipped with a reservoir 
for storing the titrant solution and the nozzle of the burette was fixed inside a titration 
bottle through an impregnated cork. The substance to be titrated was weighed by 
difference and added directly to the titration bottle containing 20 c.c. of the solvent. 
Thereafter crystal violet {approximately 5 mg.) was added and the reaction mixture 
was agitated by means of a magnetic stirrer to produce aco!oured solution. After 
this, the addition of the titrant was commenced dropwise and the reaction mixture was 
continually stirred. When a perceptible change in the colour of the indicator was 
observed, the stirring of the solution was stopped so as to allow the precipitate to 
settle down, and the colour of the supernatant layer was noted. The colour change of 
the indicator, close to the calculated end-point, was considered for computing the 
volume used at the end-point. The formation of a precipitate usually resulted in every 
titration and the precipitate took a long time to settle down, as otherwise, the colour 
change could not be observed with precision. The same difficulty was experienced 
in acetyl chloride and benzoyl] chloride (loc. cit.). The results of these titrations are 
recorded in Table II, while the colour of the crystal violet in different solvents 
in the presence of the Lewis acids and bases is shown in Table I. The figures in column 
6 of Table II have been arrived at by assuming the reagents to be 100% pure. 
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Tasie I 


Indicator : Crystal violet. 


Indicator: Crystal violet. 
Vol. of the titrant. 


Solvent. Colourinsolvent. TiCh. 
Yellowish Deep 
green yellow 
socl, Greenish Orange- 
yellow yellow 
AsCly Dirty green Light 
orange 
Titrant. Substance. Conc. ot the 
tit-ant ‘g. 
mol./litre). 
Quinoline o 01871 
SnCh, 
Pyridine 0.08916 
Quinoline 0,16380 
| Pyridine 0.1638 
SnCl, © 13520 
Quinoline 
TiCl, 0.19840 
SnCl, 0.25604 
Pyridine | 
TiCl, 0.25604 
{ Quinoline 0.08626 
Pyridine 0.08626 
{ Quinoline 0.15099 
TiC), 
| Pyridine 0.15099 
{SnCl, 0.14440 
Quinoline | 
TiCl, 0.14440 
(SnCl, 0.25389 
Pyridine 
TiCl, 0.25389 
SnCh, 0.18410 
Quinoline 
0.22654 
SnCl, 0.34366 
‘yridine 
0.34366 
SnC, 0.33246 
a-Picoline 
TiC), 0.33246 
SnCh 0.26156 
Dimethyl- 
aniline TiCl, 0.26156 


2—1996P—5 


Snck. Quinoline. 
Deep Violet 
yellow 

Orange- Bluish 
yellow green 
Light Violet 
orange 

TasLe IT 


Wt. of the 


substance. Found. 


A. Solvent : 


0.820 g. 3-85 c.c. 
0.068 4.70 
0.103 2.35 
0.072 2.80 
0 073 4.10 
0.c80 4.20 
0.050 1.60 
0.071 3-30 
B. Solvent: SOCI,. 
0.066 2.70 
0.029 1.85 
0.032 0.80 
0.057 2.15 
0.063 1.90 
0.033 1.45 
0.062 3-45 
0.038 2.90 
Solvent: AsCl . 
0.054 2.25 
0.056 2.56 
0.042 0.90 
0.040 1.30 
0.038 0.90 
0.056 1.80 
0.033 
0.042. 2.10 


a-Picoline. 


Violet 


Violet 
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D.M.A, Pyridine. 
Purple 
Bluish 
green 
Blue 


Colour of the in- 


Calc. dicator at the 
end-point. 
3.87 C.c. Light green 
4.82 Greenish yellow 
2.44 Green 
2.78 Bluish green 
4-15 Greenish yellow 
4.46 Do 
1.68 Deep green 
3-27 Greenish yellow 
2.95 Orange-yellow 
2.12 Do 
0.82 Do 
2.38 Yellow 
1.81 Green 
1.37 Light yellow 
3-30 Greenish yellow 
2.77 Dirty green 
2.30 Dirty green 
2.60 Do 
0.94 Do 
1.22 Do 
0.87 Do 
1.77 Do 
0.97 Greenish yellow 
1.69 Do 


— 
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DIscUSSION 
Gutmann ‘loc. cit.) has postulated the auto-ionisation of phosphorus oxychloride as: 
2POCI, = POCI,* + POCI,~. 


It has further been contended that the Lewis acids, when added to the solvent, 
combine with the anion to form complex ions and behave as acids, e.g., 


2POCI, + SnCl, = 2POC!,* + SnCl,’-. 


Organic tertiary bases, such as pyridive, quinoline etc., also behave as solvo-bases in 
POCI,, and the reactions may be expressed as: 


C;H,N + POC], = C,H;N*.POCI, + Cl-. 


The behaviour of the Lewis acids and bases has been found to be similar in thionyl 
chloride and arsenic trichloride (ioc. cit.). Carbon tetrachloride and chlorobenzene ar¢ 
not expected to ionise ; hence the Lewis acids and bases cannot act as solvo-acids and 
solvo-bases in such solvents. 

Crystal violet, on addition to these solvents, furnishes coloured selutions and the 
colour of crystal violet varies considerably in the presence of the Lewis acids and bases, 
The results of these findings are recorded in Table I. In water (Rice et al., 
Anal. Chem., 1952, 24, 1022), acetic acid (Fritz, ibid., 1950, 22, 1028 ; Seaman 
etal., ibid., 1951, 28, 592), acetyl chloride (loc. cit.) and benzoyl chloride (loc. 
cit.), crystal violet exhibits bluish green colour at the neutralisation point of the 
strong acid and the strong base. But it is quite evident from Table I that in these 
solvents the colour of crystal violet is green, indicating the acidic character of the 
solvents. The variation in the colour of crystal violet in different solvents with the 
same acid or the same base shows that the acidity or basicity of the Lewis acids and bases 
is considerably affected by the nature of the solvent or in other words, it depends 
upon the solvo-acid or solvo-base, which is formed as a result of the initial reaction 
between the Lewis acid or base and the solvent. 


In Table IIA are recorded the results of acid-base titrations in POCI,;. The bluish 
green colour of the indicator in the solvent was therefore taken as the colour at the 
end-point. The results of acid-base titrations in this solvent are encouraging and the 
speed of colour change indicates the reactions to be ionic in nature. It is remarkable 
to note that the indicator acts reversibly in this solvent. 


The results of acid-base titrations in thionyl chloride are recorded in Table IIs. 
Luder et al. (loc. cit.) used basic solutions only as titrants and the end-point was 
taken as violet colour. The results cf these titrations were high as these required con- 
sumption of more base to bring about violet colour in crystal violet. In the present 
investigation, the standard colour of the indicator at end-point in all the titrations 
has been considered to be that which it exhibits in the pure solvent. An attempt has 
also been made to study the reversible behaviour of crystal violet in thionyl] chloride 
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(not studied by Luder etal.) which is excellently manifested in acety] chloride (loc. 
cit.). In the case of acid titrants, the colour change of the indicator, close to the 
expected end-point, is always in some shade of yellow (Table IIs) and indicates slight 
excess of the acid used. But, when base solutions are used as titrants, the colour of 
the indicator, close to the expected end-point, appears to be a shace of green. In fact, 
the colour of the indicator in titrations in thionyl chloride due to its high acidic nature, 
and presumably on account of the difference in the strenghts of acids and bases, does 
not seein to follow the general pattern as it is not the same with the same acid-base 
pair, when the acid and base titrant solutions are used. 

Arsenic trichloride acts asa polar solvent (loc. cit.). Crystal violet shows a dirty 
green colour in arsenic trichloride which leads to the conclusion that the solvent 
is, of course, less acidic as compared to phosphorus oxychloride and thionyl chloride. 
There is, however, one difficulty that, unlike the afore-mentioned solvents, it does not 
allow the use of crystal violet as a reversible indicator. But, when the solutions of 
bases-quinoline, pyridine, «-picoline and dimethylaniline are used as titrants, the results 
are in excellent agreement with the calculated values (Table IIc) 

In carbon tetrachloride and chlorobenzene, it has been observed that these reagents 
behave as acids and bases with the iudicator qualitatively but not quantitatively. 
Moreover, crystal violet is insoluble in CCl, and its solution in chlorobenzene has 
been used in the study cf acid-base reactions in CC],. The obvious conclusion, which 
emerges so conspicuously from these titrations, is the ability of the solvent to provide 
ions which are essential for the typical acid-base neutralisation reactions in a solvent. 
The mode of reaction of quinoline and stannic chloride in POCI,;, SOCI, and AsCl, 
may be visualised as follows: 

Phosphorus oxychloride : 

2POCI, + SnCl, = SnCl,.2POCI, = 2POCI,* + SnCl,’~ 
POCI, + C,H;N = C,H,N.POCI, = C,H,;N*.POCI, + 
2C,H;N*t.POCI, + + 2POCI,* + SnCl,?~ —> 2POCI, + [C,H;N.POCI,]..SnCl, 


Thiony] chloride : 
2SOCl, + SnC = 2SOCIl, *SnCl.2SOCI* + 


SOCI, + = C,H;N.SOCI, = C,H;N*.SOC! + 
2C,H,N.*SOCI + + 2SOCI* + SnCl,?- —> + 


Arsenic trichloride : 
2AsCl, + SnCi, = SnCl,.2AsCl, = 2AsCl.+ + SnCl,?~ 


AsCl, + C,H;N = C,H,N.AsCl, = C,H,;N*.AsCl, + 
2C,H,Nt.AsCl, + + 2AsCl,+ + SnCl,?~ —> 2AsCl,; + 


This may help in explaining the failure of titrations in carbon tetrachloride and 


chlorobenzene. 
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The results of these titrations in these solvents, when compared to those obtained 
in acetyl chloride and benzoyl chloride, indicate that, although all these solvents are 
of similar nature, the latter are superior as solvents for such titrations because the 
indicator is reversible and shows a gradation of colour just like that in water. How- 
ever, the importance of these solvents as media for acid-base reactions cannot be under- 
estimated. 

CHEMISTRY DEPARTMENT, 


PANJAB - NIVERSITY, Received September 1, 1958. 
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SYNTHESIS OF POSSIBLE AMOEBACIDES. PART VI 
By P. L. Kacuru AND C. N. KacHru 


Synthesis of B- and a-(2:4-dimethoxy-5-ethylphenyl)-ethylamines and +-(2: 4-dimethoxy-5-ethyl- 
phenyl)-n-propylamine is described. 


8-(2-Alkyl-4 : 5-dimethoxyphenyl)-ethylamine and its z-isomer were prepared by 
Kachru and Pathak (this Journal, 1957, 34, 611, 768) out of which the hexyl derivatives 
were found to be as active as emetine when tested in vitro against E. histolytica 
(Kaushiva, J. Sci. Ind. Res., 1957, 16C, 224). The object of the present investigation 
is to find out whether o-dimethoxy nucleus is essential for amoebacidal activity. It is 
therefore considered worthwhile to prepare analogous amines with m-dimethoxy 
nucleus and to examine their amoebacidal activity. In addition, the substituted 
phenylpropylamine has also been prepared to determine the effect on the amoebacidal 
activity by increasing the aliphatic chain by one carbon atom. Synthesis of §-(I) 
and 2-(2:4-dimethoxy-5-ethylphenyl)-ethylamines (II) and y-(2:4-dimethoxy-5-ethyl- 
pheny]l)-n-propylamine (III) is described in this paper. 

B-(2 :4-Dimethoxy'’-5-ethylphenyl])-ethylamine (I) has been prepared by subjecting 
2 :4-dimethoxyethylbenzene to Gattermann’s aldehyde synthesis as modified by Adams, 
condensing the aldehyde (A) with nitromethane and subsequent reduction of the 
8-nitrostyrene (B) with lithium aluminium hydride. 


Et CHO Et CH=CHNO, Et CH,.CH,.NH, 
VAZ 
| | | M OM 
MeO OMe MeO MeO 
(A) (B) (I) 


a-(2 :4-Dimethoxy-5-ethylpheny])-ethylamine (I1) was obtained by reduction with 
sodium and alcohol of the ketoxiine (D). The corresponding ketone (C) has been 
prepared by Friedel-Crafts’ condensation of 2:4-dimethoxyethylbenzene with acetyl 
chloride in carbon disulphide solution in the presence of anhydrous aluminium chloride. 


NOH Me 
Et COMe Et C—Me Et 
VA \ 
—OMe JNO OMe 
MeO MeO MeO 
(C) (D) (II) 


Synthesis of y-(2 :4-dimethoxy-5-ethylphenyl)-propylamine (III) has been achieved 
by condensing 2: 4-dimethoxyethylbenzene with succinic anhydride, followed by the 


= 
A 
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Clemmensen reduction of the keto-acid (E) so formed, to substituted phenylbutyric 
acid (F), which through the amide and the subsequent Hofmann hypohalite reaction was 
converted into the desired amine. 


Et CO (CH).—CO,H Et (CH,),—CO,H Et (CH,);—NH; 
/\4 
MeO MeO MeO 
(E) (F) (IIT) 


*EXPERIMENTAL 

2:4-Dimethoxy-5-ethylbenzaldehyde ‘A).—Dry HCl gas was passed for 1 hour into 
a mixture of 2 :4-dimethoxyethylbenzene (55 g.i, zinc cyanide (78 g.) and dry benzene 
(250 ¢.c.), placed in a three-necked flask fitted with a mercury-sealed stirrer and a 
reflux condenser, the flask being cooled in an ice-bath. Powdered anhydrous alu- 
minium chloride (65 g.) was then added portionwise to the reaction mixture during 
thour. The temperature of the bath was then raised to 50° which was maintained 
for 7 hours. Stirring and the passage of HCl were continued all the time. The 
mass was then left overnight, decomposed by ice, and the mixture refluxed on a 
water-bath for 2 hours. Benzene layer was separated out and the aqueous layer 
extracted twice with benzene. The combined benzene solution was washed with 
water, dried over calcium chloride and the residue after removal of benzene distilled 
in vacuum, b.p. 160°/5 mm, yield 33 g. (50%). The aldehyde solidified on cooling 
and it was crystallised from aqueous alcohol, m.p. 84°. (Found: C, 67.82; H, 
7-45. C,,H,,O; requires C, 68.04; H, 7.21%). The semicarbazone was crystallised 
from dilute alcohol in white shining prisms, m.p. 201-202°. (Found: N, 16.5. 
C,2H;03;N; requires N, 16.3%). 

2:4-Dimethoxy-5-ethyl-8-nitrostyrene (B).—Nitromethane (3.2 g) and the above 
aldehyde (10 g.) were dissolved in methanol (20 c.c.) and cooled to 5°. To this mixture 
was added NaOH (5 g. in 10 c.c. water), previously cooled to 5°, at such a rate that 
the temperature remained below 10°. During the addition, the mixture was thoroughly 
stirred. After stirring for half an hour more, the mixture was poured dropwise into 
a large excess of HCI (dilute) with continuous stirring, when a yellow crystalline solid 
separated out. It was filtered, washed and crystallised from dilute alcohol, m.p. 
63-64°, yield 5 g. (41%). (Found: N, 5.7. (C,,H,;0,N requires N, 5.9%). 

B-(2 :4-Dimethoxy-5-ethylphenyl)-ethylamine (1).—To a slurry of LiAlH, (3.5 g.) 
in anhydrous ether (200 c.c.) was added 2:4-dimethoxy 5-ethyl-@-nitrostyr2ne (4.4 g.), 
dissolved in ether, at such a rate that the ether refluxed gently. The addition was 
completed in half an hour. The flask was then warmed on a water-bath and then 
left overnight. Excess of LiAlH, was decomposed by water and the ethereal layer dried 
over solid KOH. Dry HCl gas was passed through. the ethereal solution when the 


* Melting and boiling points are uncorrected. 
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amine hydrochloride separated as a solid. It was filtered, washed repeatedly with 
fresh ether and crystallised from ethyl acetate, m.p. 200°, yield 2g. (42%). (Found : 
C, 58.4; H, 8.2; N, 5.9. Ci2H.,NCI requires C, 58.7; H, 8.1; N, 5.7%). The 
picrate was crystallised from dilute alcohcl in yeliow needles, m.p. 195° (decomp.). 

2:4-Dimethoxy-5-ethylacetophenone (C).—Finely powdered anhydrous aluminium 
chloride (100 g.) was gradually added to the well-cooled solution of acetyl chloride 
(30 g.) in CS, (200 c.c.) and after keeping for half an hour, 2:4-dimethoxyethylbenzene 
(40 g.) was slowly run in with constant stirring and cooling in ice. After keeping 
overnight, the mixture was heated on a steam-bath till HCl fumes ceased to evolve. 
CS, was distilled off and the residue decomposed by crushed ice. The product was 
extracted with benzene. The benzene solution was thoroughly and repeatedly shaken 
with dilute NaOH. The alkaline layer on acidification furnished the demethylated 
product (30g.). The demethylated product was refluxed with dimethyl sulphate 
(60 g.) and excess of a solution of KOH for one hour, after which it was extracted 
with benzene. This benzene layer was mixed with the main benzene solution. The 
combined benzene extract was washed with water and dried over fused calcium 
chloride. Benzene was removed and the residual liquid distilled, b.p. 165°/4 mm. 
The ketone solidified in the receiver and was crystallised from aqueous alcohol, m.p. 
67°, yicld 35g. (70%). (Found: C, 60.3; H, 7.9. Ci2HisO; requires C, 69.2 ; H, 
7.7%). Its semicarbazone was crystallised from dilute alcohol, m.p. 161°. (Found : 
N, 15.6. CysHi00,N; requires N, 15.8%). 

2:4-Dimethoxy-5-ethylacetophenone Oxime (D).—Hydroxylamine hydrochloride 
(40 g.), crystallised sodium acetate (60 g.' and 2:4-dimethoxy-5-ethylacetophenone 
(20 g.) were dissolved in alcohol and refluxed for half an hour. ‘The solution was 
chilled in ice when the oxime separated as white flakes. It was crystallised from 
dilute alcohol, m.p. 125°, yield 20g. (93%). (Found: N, 6.5. C,.H,,O,;N requires 
N, 6.3%). 

a-(2 :4-Dimethoxy-5-ethylphenyl)-ethylamine (IT).—2 : 4- Dimethoxy-5-ethylacetophe- 
none oxime (18 g.) was dissolved in absolute alcohol and reduced with metallic sodium 
(25 g.). The mass was cooled and acidified with HCl. Alcohol was removed by dis- 
tillation under reduced pressure and the residual solid was dissolved in water. Any 
unchanged mass was removed by extraction with benzene. The aqueous layer was 
then basified with NaOH solution and the separated amine extracted with benzene. 
The benzene extract was dried over KOH, benzene removed and the residual liquid 
distilled in vacuum, b.p. 135°/3 mm, yield 7 g. (44%). (Found: N, 6.72. C,,H,,O,N 
requires N, 6.69%). The amine picrate was crystallised from dilute alcohol, m.p. 170°. 


B-(2 :4-Dimethoxy-5-ethylbenzoyl)-propionic Acid (E).—Succinic anhydride (20 g.) 
and powdered anhydrous aluminium chloride (54 g.) were dissolved in nitrobenzene 
(100 c.c.) with thorough shaking and cooling. The solution was placed in a flask 
provided with a reflux condenser and a calcium chloride guard-tube. 2 :4-Dimethoxy- 
ethylbenzene (34 g.) was then slowly run in with thorough shaking. The reaction 
was allowed to proceed at room temperature. After 24 hours the complex was 
decomposed with ice and HCl. Nitrobenzene was removed by steam distillation, 
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The residue on cooling solidified. It was filtered, dissolved in dilute sodium carbonate 
solution and extracted with ether to remove non-acidic material. The alkaline layer 
was clarified by charcoal and, on acidification, the desired acid precipitated out. It was 
crystallised from dilute alcohol, m.p. 140°, yield go g. (74%). (Found: C, 63-4; 
H, 6.5. C,4HisO0; requires C, 63.1 ; H, 6.7%). 

y-(2 :4-Dimethoxy-5-ethylphenyl)-n-butyric acid (F).—To amalgamated zinc 
(300 g.), prepared in the usual :manner, were added water (100 c.c.), HCl (conc., 
200 c.c.), toluene (100 c.c.i and 8-(2 :4-dimethoxy-5-ethylbenzoyl)-propionic acid (35 g.). 
The mixture was refluxed for 30 hours, HCl (conc., 25 c.c., being added at the end 
of every six hours. Toluene layer was separated and the aqueous layer extracted 
twice with toluene. The combined toluene solution was shaken thoroughly with 
NaOH solution and the toluene steam-distilled off. The residual liquid was refluxed with 
dimethyl sulphate (10 c.c.) and activated charcoal, filtered and the filtrate acidified. 
A thick viscous oil separated which solidified on long chilling. The acid was dried 
at 40° and crystallised from methanol, m.p. 66°, yield 28 g. (87%). (Found: C, 66.35 ; 
H, 7.45. CigH200, requires C, 66.66 ; H, 7.93%). 

y-(2 :4-Dimethory-5-ethylpheny!)-n-propylamine (III).—Dry ammonia was passed 
through molten y-(2:4-dimethoxy-5-ethylphenyl)-n-butyric acid (20 g.) at 200° for 
2 hours. The hot mass was poured into water. The separated amide was washed 
and used as such for conversion into the amine. Sodium hypochlorite (400 c.c., 
0.5N) was added to the amide. The mixture was continually stirred till the amide 
dissolved (3 hours) after which it was gradually warmed. Solid KOH (20g.) 
was added and heating continued on a steam-bath. The amine separated as an 
oil which was extracted with benzene. The benzene extract after drying over solid 
KOH and removal of benzene was distilled in vacuum, b p. 165°/5 mm, yield 5 g. 
(29%). The amine hydrochloride after crystallisation from ethyl acetate melted at 
162°. (Found: C, 60.9; H, 8.8; N, 54. C,;H2,0,NCI requires C, 60.1; H, 8.6; 
N, 5.3%). 

Thanks of the authors are due to Dr. Mata Prasad, Vice-Chancellur, Vikram 
University, for providing research facilities and to Dr. B. Pathak, Department of Applied 
Chemistry, Calcutta University, for his continued interest during these investigations. 


Scnoor or (CHEMISTRY), 


VIKRAM UNIVERSITY, 
Ujjain (M.P.). ‘ Received December 13, 1958. 


5 

ay 

; 

. 

i 

‘ 


[Jour. Indian Chem. Soc., Vol. 36, No. 5, 1959] 


SOME REACTIONS OF THIO-OXINDOLI: 
By J. N. CHATTERJEA AND A. K. MITRA 


The acylation and condensation reactions of thio-oxindole have been studied. 


The purpose of the investigation reported herein is to study the parallelism in pro- 
perties between isocoumaranone and its sulphur analogue, thio-oxindole, towards 
acylation and condensation reactions. Glauert and Mann found that thio-oxindoles 
could he acylated at the 3- position by employing NN’-diphenylainidines (J. Chem. Soc., 
1952, 2127). In the present work, however, we find that NN’-diphenylbenzaimidine 
cannot be used with success to benzoylate thio-oxindole. It is found that acylation in 
this series may be done with advantage by the use of acid anhydride—sodium salt combi- 
nation. Thus, by employing sodium benzoate—benzoic anhydride, 3-benzoylthio-oxindole 
was prepared (cf. Chatterjea, this Journal, 1956, 33, 175), and by using sodium acetate — 
acetic anhydride, 3-acetylthio-oxindole was similarly prepared. 


| 
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These acyl derivatives are largely enolic ; they afford copper chelates readily and 
impart a characteristic colour to alcoholic ferric chloride solution. These acyl derivatives, 
in contrast to acyl isocoumaranones, did not undergo the acid-catalysed rearrangement to 
thionaphthene derivatives (ibid., 1957, 34, 299) ; thio-oxindole-3-aldehyde, for example, 
on treatment with acids gave rise to thio-oxindole by hydrolysis. 

Condensation of thio-oxindole with 1: 2-dicarbonyl systems can be brought about 
with some difficulty. The thioindigoid (1) was obtained on condensation with acenaph- 
thenequinone in acetic acid with catalytic amounts of hydrochloric acid for several weeks 
at the ordinary temperature. On condensation with thionaphthenequinone, a mixture was 
obtained from which thioindirubin (II) was isolated. It may be noted that the conden- 
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sation of thioindoxyl with thionaphthenequinone also leads to (IJ) (Friedliinder, 
Monatsh., 1908, 29, 359) and Marschalk (J. prakt. Chem., 1913, 88, 227) obiained the 
same product by the condensation of p-dimethylamino-anil of thioindoxy!l with 


thio-oxindole. 


The formation of (II) results by the condensation of 2-carbonyl group of thiouvaph- 
thenequinone, whcreas in the reaction between isocoumaranone and coumuran-dione, the 
8-carbonyl group (position with respect to the hetero atom) takes part in the condensa- 
tion ({Chovin, Compt. rend, 1942, 215, 466; Bull. soc. chim.. 1944, v, 11, 82; 
Chatterjea, this Journal, 1959, 36, 69). With isatin, thio oxindole furnished the addition 
product III) (cf. Marschalk, loc. cit.). 

Thio-oxindole underwent self-condensation on treatment with sodium hydride in 
benzene. The product, C,,H,,OS,, is insoluble in cold alkali but dissolves on boiling ; 
the compound, however, cculd not be regenerated from the alkaline solution. With 
acetic anhydride it yielded a mono-acetyl derivative and the compound remained 
unchanged on boiling with acids. On these grounds, the structure (IV) is advanced for 
the compound. 

The structure is supported by the strong carbonyl absorption in I. R. at 5.82 » 
(in carbon disulphide solution and in KBr pellet) and by the absence of hydroxy! group 
absorption. ‘Thio-oxindole absorbs at 5.80 » in nujol or in carbon disulphide solution. 
Clearly, the acetyl compound, mentioned above, is the enolic dcrivative (cf. self-conden- 
sation of coumaran 3-one: Fries and Pfaffendorf, Ber., 1910, 48, 212; 1911, 44, 114). 


EXPERIMENTAL 


3-Acetylthio-oxindole.—A mixture of thio-oxindole (0.4 g.), sodium acetate 


(o.2 g.) and acetic anhydride (3 c.c.) was heated on a water-bath for 1 hour and then 
water (15 c.c.) was added to the red product. ‘The sticky mass separating was stirred 
for thour with a saturated solution of sodiu:n bicarbonate on the water-bath, filtered 
and acidified. Colorless crystals of the a-etyl compound 0.15 g.) wer obtained as 


needles from aqueous alcohol, m.p. 105° lit., m.p. 105°), showing a deep blue colour 
(Found: C, 62.1; H, 4.5. Cale. for C,.H,O.S: C, 62.5 ; 


with ferric chloride. 


H, 4.2%). 
3-Benzoylthio-oxindole.—A mixture of thio-oxindole (1.0 g ), benzoic anhydride 


(3.5 g.) and dry sodium benzoate (0.2 g.) was heated in an oil-bath at 120° for 2 hours. 
The entire mass was decomposed with water, left- overnight and the gummy mass 
repeatedly extracted with alkali (5x10 c.c., 5%). The alkaline solution on acidification 


*All m.p.s. are uncorrected. 
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afforded a mixture of benzoic acid and 3-benzoylthio-oxindole ; the former was removed 
by taking advantage of its solubility in hot water. The compound was crystallised from 
alcohol in cream-coloured leaflets, m.p. 107°, developing a deep blue ferric chloride 
reaction. (Found: C, 71.3; H, 4-3. CisHioO.S requires C, 71.0; H, 3.9%). 


3-Thionaphthene-acenaphthylene-indigo (1).—To a warm solution of thio-oxindole 
fo.5 g.) and acenaphthenequinone (0.5 g.) in- acetic acid (8 cc.) a drop of HCi (conc.) 
was added and the mixture left for several weeks. During this period the reddish 
colour of the solution gradually deepened but much of the unchanged acenaphthene- 
quinone separated out. The dye (0.2 g.) was mechanically separated from the quinone 
and crystallised four times from acetic acid. The compound was obtained in darkish 
red shining needles, m.p. 241°, Avyiene 5140 A. (Found: C, 76.6; H, 3.1- CocH,.0.8 
requires C, 76.4 ; H, 3.2%). 


Condensation of Thio-oxindole with Thionaphthenequinone.—A mixture of thio- 
oxindole (0.5 g.) and pure thionaphthenequinone (0.5 g.) in acetic acid (5 c.c.) was left for 
6 weeks after the addition of a drop of HCl (conc.). The deep red product (m.p. 135-70°) 
that separated was co!lected and chromatographed in benzene solution on acid-washed 
alumina. Impurities were strongly held and thioindirubin was slowly eluted with 
benzene. The alumina layer containing the substance was separated, extracted with 
alcohol and the residue after the removal of the alcohol was crystallised from acetic acid. 
Thioindirubin was obtained as deep red needles (0.04 g.), m.p. 206° (lit. m.p. 205-207°). 
With sulphuric acid the compound developed a green colour. 


Condensation of Thio-oxindole with Isatin.—To a solution of isatin (0.5 g.) and 
thio-oxindole (0.6 g.) i, acetic acid (10 c.c.) was addded a drop of HCl (conc.) and the 
mixture left for 5 weeks. The colorless crystals of the product (III) (0.5 g.) separated 
from the brownish red solution. Oncrystallisation from acetic acid this was obtained as 
colorless prisms, m.p. 170° (Marschalk, loc. cit. records m.p. 155-60°), evolution of gas 
at 210°. (Found: C, 65.2; H, 3.0. Cale. for C\sHyO,NS: C, 64.7; H, 3.7%). 


Self-condensalion of Thio-oxindole.—Toa suspension of sodium hydride (1.7 g.) 
in dry benzene (80cc.) was added a solution of thio-oxindole (5.5 g) in benzene 
( oc.c.). A brisk evolution of hydrogen took place in the cold. The mixture was 
refluxed on the water-bath for 4 hour, cooled, and excess of hydride decomposed 
with alcohol and then water was added. The alkaline solution on acidification atiorded a 
gum which on treatment with alcohol solidified (1.5 g.). The filtrate on distillation in 
a current of steam furnished unchanged thio-oxiniole (2 g.), leaving a brown resinous 
mass (1.5 g.). On crystallisation from acetic acid, the above self-condensation product 
(IV) was ol tained as colorless needles {1.2 g.), m.p. 144°. [Found: C, 67.9; H, 3.9; 
M.W. (Rast, in camphor), 260. C,.H, OS, requires C, 68.1; H, 3.5% ; M.W., 282]. 


max, 


AMeoH 228 mp (log 5.35), 316 mm (log 5.12), 350 me (log 5.1)]. On 
attempted crystallisation from hot alcohol the entire mass turned red and a reddish in- 
soluble material together with some gum separated out. The compound was insoluble in 
cold sodium hydroxide solution, but dissolved on boiling. With ferric chloride it gave a 
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yellow precipitate. On boiling with hydrochloric acid in acetic acid, the compound 
remained unchanged. The acetyl derivative was obtained by heating with acetic 
anhydride on the water-bath ; this was crystallised from acetic acid in colorless prisms, 
m.p. roo-ror®. [Found: C, 669; H, 3.5. CuisH.20.S, requires C, 66.7; H, 3.7%). 
228 mu (log 5.35), 305 (log 5.08) and 360 mu (log 4.88)]. On hydro- 
lysis with mineral acids, the deacetylated product, m.p. 144°, was obtained. 


CHEMICAL LABORATORY, 
SCIENCE COLLEGE, PaTNa, Received August 8, 1958. 
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SEARCH FOR NEW ANTISPASMODICS. PART VIII 
By T. N. Guosu, Arun AND A. RAYCHAUDHURI 


Mannich bases (II and IIT) have been obtained. The base (IIL) has been reduced to the secondary 
alcohol (IV). 


Denton et al. (J. Amer. Chem. Soc., 1949, 71, 2048) have synthesised a number 
of 8-aminoketones of the general structure: R,-~CO-—CH (R.)—CH,-—R, (where R, is 
an aryl or heterocyclic group, R, is hydrogen or phenyl group and R; is a substituted 
amino group), some of which have equalled 8-diethylaminoethyldiphenyl acetate hydro- 
chloride (Trasentin) in antispasmodic action. Denton et al, (ibid., 1949, 71, 2050) con- 
verted these ketones into tertiary alcohols, possessing, in general great2r antispasmodic 
activity than the parent ketones. Reference is made in this connection to the structure 
of adrenaline, which contains a secondary alcoholic group. 


In view of the above observations it has been considered desirable to synthesise, as 
possible antispasmodics, several ketones and secondary alcohols containing tertiary amino 
group. Ina pr vious communication (Raychaudhuri and Ghosh, this Journal, 1951, 
28, 565) the syntLesis of such an amino-ketone, nimely, «-acetamido-8-diethylamino- 
(or piperidino)-propiophenone, which has been found to possess some antispasmodic 
action, has been recorded. However. reduction of this ketone with aluminium isopro- 
poxide gave rise to the secondary alcohol which spontaneously underwent ring-closure 
to afford an oxazoline derivative (Ghosh and Dutta, ibid., 1953, 30, 865). The present 
communication describes the synthesis of several amiuo-ketones and the corresponding 
secondary alcohols as possible antispasmodics. 


3-Pheny1-3-benzylidene-propan-2-one (I) (Goldschmidt and Krezmar, Monatsh., 1897, 
18, 437; 1808, 19, 406 ; 1901, 22, 657), when subjected to the Mannich reaction with 
formaldehyde and piperidine hydrochloride, has furnished the hydrochloride of 4-phenyl- 
4-benzylidene-1-piperidinobutan-3-one (II}. Hydrogenation of (II) over palladium- 
charcoal has yielded 4-pheny!-4-benzyl-1-piperidinobutan-3-one (III), accompanied by 
trace of a non-nitrogenous compound, not characterised. The base (III), on reduction 
with alu ninium isopropoxide, has furnished the secondary alcohol, 4-phenyl-4-benzyl- 
1-piperidinobutan-3-ol (IV). With n-butyl nitrite the base (III) forms the isonitroso 
derivative (V), which, on hydrogenation over Pd-C, furnishes the amino compound (VI). 
When treated with semicarbazide hydrochloride in presence of sodium acetate, (VI) forms 
the semicarbazone which spontaneously undergoes ring-closure with elimination of 
ammonia to give rise to the triazine derivative (VII). 


Ph.C-CO-CH; -CO-CH,—-CH,R 


I 
CHPh CHPh CH,Ph 
(I) (II) (IIT) 
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Ph.CH -CH (OH)—-CH,-CH.R Ph.CH-CO—-C-CH,R 
CH,Ph CH,Ph NOH 

(IV) (V) 

CH.Ph NH, CH.Ph N co 
NH 
(VI) (VII) 


[R = Piperidino] 
The preliminary examination (A. N. Bose, private communication) on (II) and (III) 


shows that the compounds possess some antispasmodic activity, though rather toxic. 
Full details of the pharmacological examination will be reported elsewhere in due course. 


EXPERIMENTAL 


4-Phenyl-4-benzylidene-1-piperidinobutan-3-one (11)—A mixture of (I, rz g.), 
piperidine hydrochloride (10 g.), paraformaldehyde (2.4 g}, HCl (conc., 0.3 c.c.) and 
anhydrous ethanol (90 c.c.) was heated under reflux on a steam-bath for 12 hours. The 
hydrochloride obtained was found to be sparingly soluble in water and was crystallised 
from ethanol in colorless microcrystalline powder (9 g.), m.p. 179-80°. The analytical 
sample was dried at 90-95° over P,O; in vacuo. (Found: C, 74.12; H, 7.68; N, 4.08. 
C,2H,,ON.HCI requires C, 74.26; H, 7.31 ; N, 3.904%). The base liberated from the 
above hydrochloride was crystallised from petroleum ether (b.p. 40-60°) in light yellow 
rectangular plates, m.p 48-49°. (Found: N, 4.12. C.,H.;ON requires N, 4.39%). 

The picrate was crystallised from ethanol in yellow needles, m.p. 169-70°. 
(Found : N, 10.43. requires N, 10.22%). 

The semicarbazone was crystallised from ethanol in colorless rectangular plates, 
m.p. 233-34°. (Found: N, 14.72. C2sH2sON, requires N, 14.89%). 

4-Phenyl-4-benzyl-1-piperidinobutan-3-one (III).—Palladium-charcoal (10%, 0.1 g-) 
was added to a solution of the hydrochloride (6.9 g.) of (II) in anhydrous ethanol 
(200 c.c.) and the mixture was shaken at room temperature with hydrogen at atmospheric 
pressure, when one equivalent of hydrogen was gradually absorbed. The catalyst was 
removed by filtration and washed with ethanol. The filtrate and washings were com- 
bined and concentrated. The residue was dissolved in water and the aqueous solution 
washed with ether* and then basified with ammonium hydroxide. The product obtained 
was extracted with ether ; removal of the ether left a heavy liquid (5. 9g: ). The base 
was purified by HCI-NH,OH treatment and the oxalate obtained was crystallised from 
anhydrous ethanol in colorless rectangular plates, m.p. 156-57°. [Found: N, 3.47. 
C,2H.;ON. (CO.H). requires N, 3.41%]. 

‘he semicarbazone separated on standing and was crystallised from ethanol in 
colorless, microcrystalline powder, m.p. 177-78°. (Found: N, 15.30. C,;H;,ON. 


requires N, 14-81%). 


i 
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The hydrochloride was twice crystallised from ethanol-ether mixture in colorless 
needles, m.p. 146-47°. Found: N, 4.27. C22H2,ON.HCI requires N, 3.91%). 


The ether solution* was washed with water and dried (sodium sulphate). Removal 
of the ether lefta non-basic liquid (0.4 g.), found to be devoid of nitrogen. It afforded 
a semicarbazone (m.p. 195-96°) anda 2:4-dinitrophenylhydrazone \m.p. 121-122°), but 
not any p-nitrobenzoate. 

4-Phenyl-4-benzyl-1- piperidinobutan-3-ol ‘(IV).—Aluminium isopropoxide was prte- 
pared by treating aluminium foil (3.5 g.) with a mixture of anhydrous isopropyl alcohol 
‘40 c.c.), mercuric chloride (10.4 g.) and CCI, (1c.c.). 

To the above mixture, heated in an oil-bath at 1oo° under reflux, a solution of 
(III, 12.9g.) in anhydrous isopropyl alcohol (110 c.c.) was added dropwise during 1 
hour. After the addition was over, the mixture was refluxed for 2 hours, concentrated 
at 110-15° to ha'f its volume to remove acetone (the presence of which was confirmed) 
and made up to its originai volume with isopropyl alcohol. This process without alter.- 
tion was repeated three times more. The solution was then conccutrated to half its 
volume and the residual isopropyl alcohol was distilled off under reduced pressure. 
The residue was cooled and treated with an excess of 5% HCl (cold, dil.) when slight 
heat was generated After thorough trituration, the mixture was filtered and the filtrate 
basifiec, under cooling, with ammonium hydroxide. The gelatinous precipitate was 
filtercd, thoroughly washed with water and extracted with boiling ethanol. The distilla- 
tion of the ethanolic extract left a pasty mass, which was purified by HCl-NH,OH 
treatment. The product obtained was extracted with ether and removal of the ether left 
athick brown liquid. The p-nitrobenzoate was crystallised from acetone in cream- 
coloured plates, m.p. 231-32°. (Found: N, 6.25. C2. H,.0,N, requires N, 5.93%). 

4-Phenyl-4-benzyl-2-oximino-1-piperidinobutan-3-one ‘V).—To a cooled solution 
of (III, 6g.) in dry ether (25 .c.) was added dropwise n-butyl nitrite (4.5 g.) under 
stirring. After keeping for some time, dry HCI gas was passed, when a solid separated 
which went into solution when further HCl was passec, affording a deep red solution. 
On keeping overnight in the cold, the ether was subsequently distilled off and the residue 
was poured into crushed ice. Sufficient water was added to dissolve the precipitated 
solid, and the soiution, after being washed with ether, was tasified with ammonium 
The solid obtained was crystallised from aqueous ethanol in cream- 


hydroxide solution. 
(Found: N, 8.38. C.2H..O.N, requires N, 8.0%). 


coloured needles, m.p. 135-36°. 

4-Phenyl-4-benzyl-2-amino- 1-piperidinobutan-3-one (VI).—A solution of (V. 3.5 g.) 
in avhydrous ethanol (200 c.c.) containing Pd-C (10%, 0.15 g.) was shaken in presence 
of hydrogen, when an equivalent quantity of hydrogen was gradually absorbed. The 
catalyst was removed by filtration and the filtrate was saturated with dry hydrochloric 
acid gas and distilled. The residue, on trituration with anhydrous ether, yielded a 
semi-solid mass which was dissolved in hot water, treated with charcoal and filtered. 
To the filtrate HCI (conc.) was added dropwise, when a cream-coloured microcrystalline 
solid was obtained, m.p. 182-83°. (Found: N, 7.76; Cl, 9.44. C.2H.,ON,.HCI requires 
N, 7.52; Cl, 9.53%). The same compound was obtained by conducting the above 
catalytic reduction in ethanol containing three equivalents of dry HCl gas. 
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: 5-dihydrotriazine (VII).— 
A mixture of the hydrochloride (2 g.) of (V1), crystalline sodium acetate (5 g.), water 
(10 c.c.), semicarbazide hydrochloride (1.4 g.) and ethanol (95%, 30 c.c.) was warmed 
on a steam-bath for 20 minutes and left at room temperature. Gradually a solid separa- 
ted which was crystallised from aqueous ethanol (charcoal) in colorless needles, m.p. 
136-37°. (Found: C, 73-68; H, 7.87; N, 14.45. CosH2sON, requires C, 73.40; 
H, 7.44 ; N, 14.89%). 
The authors are grateful to Dr. U. P. Basu, Director of the Institute, for his con- 
tinued interest. 


BeNnGaL IMMUNITY RESEARCH INSTITUTE, 
CaLcuTta-6. Received September 13, 1958 
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STUDIES IN CHROMIUM TUNGSTATE SOL. PART III. CHANGES 
IN EXTINCTION, pH AND ELECTRICAL, CONDUCTIVITY OF 
COLLOIDAL CHROMIUM TUNGSTATE SOL DURING 
COAGULATION AT DIFFERENT 
STAGES OF DIALYSIS 


By P. C. Jain anv S. N. BANeERjI 


The mechanism of coagulation of chromiim tungstate sol with an electrolyte, potassium sul- 
phate, has been discussed with reference to the experimental results obtaited from extinction, 
pH and electrical conductivity measurements. 


Thomas and coworkers (J. Phys. Chem., 1931, 35, 27 ; J. Amer. Chem. Soc., 1932, 
54, 847 ; 1034, 56, 794) and Rai and Ghosh ‘Proc. Nat. Acad. Sci. India, 1954, 28, 48, 
142; 1956, 25, 190, 195; Kolloid Z., 1956, 142, 1c4) studied the variation in pH and 
electrical conductivity of the sols of iron chromium and aluminium oxide during their 
coagulation with potassium sulphate. 


Fic, 1 


% Composition of the sol with dialysis. 


°% Composition. 


(CryO3) 


15 20 25 
Dialysis (days). 


In previcus communications (Jain and Banerji, Proc. Nat. Acad, Sci., India, 1958, 27, 
153 ; Saugar University Jourral, 1958, 7A, 35) we reported the results of changes in surface 
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tension, viscosity, conductivity and stability of chromium tungstate sol under different 
stages of dialysis, di'ution and temperature. We have studied here, with the help of 
extinction, PH and electrical conductivity measurements, the mechanism of coagulation 
of the s»] under various stages of purity with an electrolyte such as potassium sulphate. 


EXPERIMENTAL 


The preparation of the sol and the estimation of the constituents at different stages 
of dialysis were done in the same mannec as reported earlier. Fig. 1 shows their 


variations with dialysis. 


Fic. 2 


Variation of extinction by the addition of K,SO, to the sol at diff. stages of purity. 


1.35 


Extinction. 


16 


Kg” O, (¢.c.). 


A series of eleven solutions of electrolyte in which the concentration of the preci- 
pitating component was systematically varied, the total volume being the same in each 
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case (20 c.c.), was taken, Another series of the same nu:nber of beakers was arranged, 
each containing 20c.c. of chromium tungstate sol. The mixing of the electrolyte 
solution and the sol in each beaker was carried out in cxactly the same manner. 
Everytime, the readings were taken after five minutes of mixing. 

Extinction measurements were carried out with a photoclectric colorimeter (Lichtelek- 
trisches Kolorimeter, Modell \1) using red filter and 5 ¢.c. rectangular cuvette. The 
results are shown in Fig. 2, where the changes in extinction with electrolyte concentra- 
tion at diferent stages of dialysis are plotted. 

PH measurements were made witha Beckman pH-meter using glass and calomel 
(saturated) electrodes. ‘The specific conductivities of the corresponding amounts of 
potassium sulphate present in the mixture of the sol were subtracted frcm the specific 
conductivities of the mixture of the sol and electrolyte. Fig. 4 represents the 
changes in the conductivity of the sol itself by the addition of the electrolyte. 


Fic, 3 
Changes in the pH values by the addition of K,SO, to the sol at diff. stages of purity. 


§.0 


K2S0, (c.c.). 
DISCUSSION 


Any attcimpt to study coagulation with optical methods needs firstly that the 
patticles n:ust be optically homogeneous and secondly, that the shape of the aggregated 
particles must be spherical if they are large, or ellipsoidal or plate-iike if they are 
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small. Values of absorption coefficients of gold sol at various wave-lengths were 
calculated theoretically by Mie (Ann. Physik, 1908, 25, 377) for spherical particles while 
Gans (ibid., 1912, 87, 881) made similar calculations for both ellipsoidal and plate-like 
particles, assuming particle size to be small. The theory of extinction method for 
flocculation has been well described by Treelstra (Thesis, Utrecht, 1941). Treelstra 
and Kruyt (Koll.-Beih., 1943, 54, 225), while studying the sols of Fe.O, and Agl, found 
that with increasing concentration of electrolyte, a constant maximum flocculation wa 
reached. On further increasing the concentration, it begins to decrease duc tot’ e 
formation of loose flocks that scatter less light than massive sphere of the same weight. 


The extinction-concentration. curves (Fig. 2) show that in the beginning there seems 
to be no change in extinction by adding electrolyte. Coagulation is accelerated by 
increasing amounts of ejectrolyte until rapid coagulation starts. This is indicated by 
the sudden rise in the curves. However, at liigher concentrations they begin to fall 
(although in some curves this stage is not reached) because of the formation of 
loose aggregates that scatter less light than those formed at smaller concentrations. 
In the latter cases the particles formed are relatively dense, since the repulsive action 
of the double layer is not completely removed. These particles behave as the Rayleigh 
scattering particles (Phil. Mag., 1899, 47, 375). In the absence of the repulsive action 
the flocks formed are irregular, rather loose and scatter little light, and thereby lower the 
extinction values. 

A gradual increase of extinction with dialysis is mainly due to the aggregation of 
the sol particles, as suggested by us in our previous communications (loc. cit.) to 
explain increase in viscosity with dialysis. 

Volkov and Rabinovitch (Acta Physicochem., U.S.S.R., 1942, 17, 14) found that 
with dialysis, the PH decreased from 7.24 to 6.08 in the case of gold sol, prepared by 
Zsigmondy’s method. ‘This is due to the removal of basic salts from the intermicellar 
liquid. 

During dialysis of chromium tungstate sol there is a gradual removal from the inter- 
micellar liquid of the stabilising electrolyte, chromium chloride, which is acidic in 
nature ; consequently the acidity of the soi decreases, i.e. pH increases. 


While studying the changes in pH values with the addition of potassium sulphate 
solution to iron, chromiuin and aluminium oxide sols, Thomas et al. (loc. cit.) found an 
increase. ‘They suggested that the sol consisted of olated and oxolated oxychloride 
complex of the Werner type and that the increase in pH was due to the replacement of 
OH groups from the colloidal micelles by the anions of the added salts. Rai and Ghcsh 
(loc. cit.), however, hold the view that this is due to the adsorption of the hydroxonium 
ions at the partially neutralised surface. 

Taking in view the picture of the double layer, the potential determining ions 
(Lange and Berger, Z. Eleklrochem., 1930, 36, 171), in this case Cr°* ions and possibly Ht 
ions constitute the attached inuer portion of the double layer with Cl~ ions in the diffuse 
outer layer. On addition of sulphate ions that are more strongly adsorbed than chloride 
ions, the latter are displaced to a certain extent from the Stern layer (ibid. 
1924, 30, 508). The sulphate ions take up a position closer to the inner layer when the 
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thickness of the shell is decreased (Tezak, Chem. Abst., 1952, 46, 9942). ‘The result 
is that redistribution of the charges, from the uniform to non-uniform, within ‘the shell 
takes place whereb, the density of the charges and the probability of cncounter 
between the coagulating and stabilising ions increase more than those in the 
peptised sol. At the same time, the partially neutralised colloid surface has a 
tendency to lLold by adsorption such ions as are capable of producing the same 
electric charge as that of the colloid unit. The positively charged hyd:oxonium ions 
are therefore adsorbed on such surface of the colloid particle, thereby increasing OH™ 
ion concentration in the system (Fig. 3). 


Fic. 4. 


Variation of sp. conductance (K,-K,) by the addition of K,SO, to the sol at diff. 
stages of purity. 


Sp. couduc X 103. 


K2S0, (c.c.) 
kK, = Sp. conduc. of sol + electrolyte. 


ef electrolyte. 


” ” 


The continuous decrease in specific conductivity of the sol, when pure, with the 
addition of the solution of potassium sulphate, may be explained as follows: Every sol 
particle is regarded as being surrounded by an ionic atmosphere (outer double layer), 
having a resultant charge, the sign of which is opposite to that of the sol particle itself. 
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When the particle moves, the oppositely charged ionic atmospliere exerts an electrostatic 


attraction, thus si-wing down its motion. ‘n addition of sulphate ions, the thickness 


of the double layei is decreased so that the el.ctrostatic attraction between the inner and 
the outer layers of the shell wiil increase, causing further decrease in the mobilty of the 


particle. Also the ionic atmosphere with its associated water molecules moves opposite 


to the direction of the particle, producing an additional retardation to the motion of the 
It is expecied therefore that there will be a greater fall in conductivity unti! 
Smaller decrease observed thereafter 


particle. 
the stage of rapid coagulation is reached (Fig. 4). 
is due to the aggregation of the sol particles when the radius of the resultant micelle will 


increase and its mobility will decrease. 
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REACTIVE HALOGENONITROBENZENES AND THEIR DERIVATIVES. 
PART III. SOME DIHALOGENO-POLYNITROTOLUENES AND 
THEIR DERIVATIVES 


By SHIAM SUNDER JOSHI AND SATYA PRAKASH GUPTA 


Structures have been assigned to dinit:ation products of 2-chlo;c-1-bromo-5-methy1-, 1 : 2-dibromo- 
s-methyl-, 1-chloro-4-bromo-5-methyl- and 4-chlor9-1-bromo-5-methyl-benzenes. Derivatives of a few 
halogenonitrobenzenes with ammonia, dimethylamine, diethylamine, aniline, o-, m- and p-toluidines, 
piperidine and potassium phenolate have been prepared and characterised. 


No structure has so far been assigned to some of the dihalogenodinitromethy! 
benzenes described in the literature, For this purpose, a few of them have now been 
obtained from halogenated toluidines by first replacing the amino group by a halogen 
atom and subsequently nitrating them. In this way 1: 2-dibromo-4 :6-dinitro-s- 
methyi*- (I) (Cohen -and Dutt, J. Chem. Soc., 1914, 105, 502) aud 2-chioro-1-bromo- 
4 :6-dinitro-5-methyl*-berzenes (IJ) ‘Cohen and Smithells, ibid., 1914, 105, 10900) 
have been obtained from 2-bromo-4-methylaniline ; 1 :4-dichloro-2 :6-dinitro-s-metbyl- 
(II1) (Cchen and Dakin, ibid., 1901, 79, 1133) and _ 1-chloro-4-bromo-2 :6-dinitro- 
5-methyl-benzenes* (1V) (Cohen and Smithells, loc. cit.) from 4-chloro-2-methylaniline ; 
4-chloro-1-bromo-2 :6-dinitro-5-methyl-* (V) ‘Cohen and Smithelis, loc. cii.) and 
1 :4-dibromo-2 :6-dinitro 5-mcethyl-benzenes (VI) (Cohen and Dutt, loc. cit.) from 
4-bromo-2-methylaniline ; and 1 : 2-dichloro-4 :6-dinitro-5-methy!-(VII) (Cohen and Dakin, 
loc. cit.) and 1-chloro 2-bromo-4 :6-dinitro-5-methyi-benzenes (VIII) (Joshi and Gupta, 
this Journal, 1952, 29, 199) from 2 chloro-4-methylaniline. 


The reactivity of halogen atomsin the benzene nucleus, having at least two nitro 


groups in their ortho/para or the ortho positions, has been utilised for orientation of 


the products formed. 

Thus, in the dinitro compound obtained from 2-chloro-1-bromo-5-methylbenzene, 
only the bromine atom is reactive (vide infra) and it is likely to be 2-chloro-1-bromo- 
This is confirmed by its forming a dinitromethyl- 
1-chloro-2-bromo-4 : 6-dinitro-5-methyibenzene 


4 :6-dinitro-;-methylbenzene (II). 
phenoxazine (iX), also obtained from 
(VIII) (Joshi and Gupta, loc. cit.). 

On similar considerations, the dinitro product of 1 : 2-dibromo-5-methylbenzene 
can be presumed to be 1 : 2-dibromo-4 :6-dinitro-5-methylbenzene (I). This formulation 
also agrees with the formation of 2-bromo-4 :6-dinitro-5 methylphencl (Joshi and 
Gupta, loc. cit.; cf. Borsche, Ber., 1917, 50, 1350), when a bromine atom is replaced 


by a hydroxyl group. 


* Structure not established earlier. 
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The compound, obtained by the dinitration o¢ 1-chloro-4- bromo-5.methyibenzene, 
is likely to be 1-chloro-4-brcmo-2 : 6-dinitro-5-methylbenzene (IV) as only the chlorine 
atom in it is reactive and it furnishes with sodium acetate and acetamide, 4-bromo- 
2 :6-dinitro-3-methylphencl (Joshi and Gupta, loc. cit.). 

Similarly, the product of dinitration of 4-chloro-1-bromo-5-methylbenzene is 
4-chioro-1-bromo-2 : 6-dinitro-5-methylbenzene (V). 


In these compounds one of the two halogen atoms, as expected, readily reacts 
with ammonia, dimethylamine, diethylamine, aniline, o-, m- and _ p-toluidines, 
piperidine and potassium phenolate (Ullmann and Nadai, Ber., 1908, 41, 1876; Sane 
and Joshi, this Journal, 1932, 9, 60; Siekei, J. Amer. Chem. Soc., 1940, 62, 750) 
furnishing the corresponding derivatives (Table IT). 


x xX 
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TABLE I 
S.No. Dihalogeno-s-methyl- Dinitro-5-methylbenzenes M.P. Yield. Analysis (%). 
benzenes nsed. obtained. Found. Cale. 
I ‘1: 2-Dichloro- 1: 2-Dichloro-4: 6- 92° 80% Cl: 2798 28 30 
dinitro- 
2. 1-Chloro-2-bromo- 1-Chloro-2-bromo- 84° 85 Cl+Br: 38.88 39 10 
4 : 6-dinitro- 
3. 2-Ch'oro-1-bromo- 2-Chloro-1-bromo- 127° 85 Cl+Br: 38.c0 39.10 
4: 6 dinitro- 
4. 1: 2-Dibromo- 1: 2-Dibrome-4 : 6- 129° 80 Br: 46.80 47-10 
dinitro- 
5 1: 4-Dicbloro- 1: 4-Dichloro-2 : 6- 101° 85 M1: 28.04 28.20 
dinitr<- 
6 1-Chloro-4-bromo- 1-Chloro-4-bronio- * 117° 75 Cl1+Br: 38 79 39.10 
2: 6-dinitro- 
4-Chioro-1-bromo- 4-Chiero-1 bromc- 122° 85 N: 9.09 9.38 
2: 6-dinitru- 
8. 1: 4-Dibromo- 1: 4-Dibromo-2 : 6- 124° £0 Br : 46.86 47.10 
dinitro- 


Three compounds have been separated from the nitration product of 1 : 3-dibromo- 
5-inethylbenzcne, viz., 1 : 3-dibromo-2 : 4-dinitro-5-methyl- (X) (Neville and Winther, Ber., 
1880, 13, 0967; Borsche and Tiautner, Annalen, 1926, 447, 16), 1:3-dibromo-4 :6- 
dinitro-5-methyl- (XI) (ibid.) and 1:3-dibromo-2 : 4 :6-trinitro-5-methyl-benzenes (XII) 
(Palmer, Ber., 1888, 21, 3501; Blankasma, Rec. trav. chim., 1904, 28, 127). Both 
the halogen atoms in them are reactive and are simultaneously replaced, affording 
disubstitution products (Table III). The disubstitution derivatives of 1:3-di- 
chloro-2 ; 4-dinitro-6-methylbenzene (XIII) (Seelig, Annalen, 1886, 287, 163; Silberrad, 
J. Chem. Soc., 1925, 260), obtained by the nitration of 1 : 3-dichloro-6-mnethylbenzene, 
have also been described in Table ITI. 


Identical derivatives were obtained from (II) and (VII), (I) and (VIII), (IIT) and 
(V), and from (IV) and (VI) (Table II). Identity of the derivatives from each pair 
has been established by mixed meiting points and the analytical results. 


Ex PERIMENTAL 


2-Chloro-1-bromo-5-methylbenzene.--To aceto-p-toluide (50 g.), dissolved in acetic 
acid (100 c.c.), a solution of bromine (18 c.c.) in acetic acid (25 c.c.) was added with 
constant shaking. The mixture after keeping overnight and then on treatment 
with water furnished 3-bromoaceto-p-toluide (70 g.) ; it was crystallised from dilute 
alcohol, m_p. 117°. 

The bromoacetotoluide (15 g.) on hydrolysis by boiling with four times its weight 
of HCl, diazotisation with a solution of sodium nitrite, followed by treatment with 
cuprous chloride and hydrochloric acid afforded 2-chloro-1-bromo-5-methylbenzene 
(9 g.). .By adopting a similar procedure, 1:2-dibromo-5-methylbenzene was prepared 
from aceto-ptoluide and 1:4-dibromo-5-methyl- and  4-chloro-1-bromo-5-methyl- 
benzenes from aceto-o-toluide. 
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1 :2-Dichloro-5-methylbenzene.—To a suspensicn of aceto-p-toluide (10 g.), 
obtained by adding to its solution in acetic acid (10 c.c.) and HCl (conc., 150 c.c-), 
potassium chlorate (4.5 g.), dissolved in the least amount of water, was added with 
constant shaking (20 mins.). After allowing it to stand for several hours, the white 
mass separating was crystallised from alcohol, furnishing 3 chloro-p-acetotoluide (10 g.), 
m.p. 114°. On hydrolysis and replacement of the amino group by chlorine, it 
afforded 1 : 2-dichloro-5-methylbenzene ‘6 g.), b.p. 205-206°. By adopting a similar 
procedure, aceto-p-toluide afforded 1-chloro-2-bromo-5-methyl-, and aceto-o-toluide, 1 :4- 
dichloro-5-methyl- and 1-chloro-4-bromo-5-inethylbenzeness 

Dihalogenodinitro-5-methylbenzenes.—Appropriate dihalogeno - 5 - methylbenzene 
(10 g.) and H.SO, (d 1.84, 35 ¢c.c.) were treated with fuming nitric acid (d 1.52, 
15 c.c.) dropwise with vigorous shaking. It was first heated on a steam-bath and 
then on an oil-bath at 120° for several hours. The cooled product was poured on 
crushed ice. The pale mass separating was crystallised from alcohol or acetic acid, 
yielding shining crystals of dihalogenodinitro-5-methylbenzenes. All of them are 
pale white crystalline compounds. Their melting points, yicld and analytical results 
are shown in Table I. 

1 :3-Dibromo-2 :4-dinilro-, -4:6-dinitro-, and -2:4 :6-trinitro-5-methylbenzenes.—To 
a suspension of 1:3-dibromo-5-methylbenzene (25 g.) in H.SO, (d 1.84, 60 c.c.) 
fuming nitric acid (d 1.52, 15 c.c.) was added dropwise (15 mins.) with shaking and 
the product was heated on a water-bath for 4 hours. On cooling and pouring on 
crushed ice, the crude mass separating was repeatedly crystallised from acetic acid, fur- 
nishing 1 : 3-dibromo-4:6-dinitro 5-methylbenzene (6 g.) m.p. 157° (loc. cit.). The filtrate 
was concentrated nearly to dryness and the residue was dissolved in boiling alcohol. 
On cooling the solution, crystals of 1 :3-dibromo-2 :4-dinitro-5-methylbenzene were 
deposited (5 g.), m.p. 117° (loc. cit.). The alcoholic mother-liquor on heating to ° 
dryness and further nitration with an excess of fuming nitric acid and H,SO, (conc.) 
yielded 1 : 3-dibromo-2 : 4 :6-trinitro-5-methylbenzene (8 g.j, m.p. 228° (loc. cit.). 


2:4-Dinitro-3-methylphenoxazine.—A mixture of 2-chloro r-bromo-q :6-dinitro-5- 
methylbenzene (1.5 g.), o-aminophenol (0.6 g.), anhydrous sodium acetate (2 g.) and 
absolute alcohol (30 ¢ c.) was refluxed on a water-bath for 3 hours. It was then cooled 
and washed several times with water, HCI (dil.) and co!d alcohol. The dark crude pro- 
duct on crystallisation from acetic acid yielded dark brown shining prisms of 2 : 4-dinitro- 
3-methylphenoxazine (1.1 g.), which decomposed at 280° without melting. (Found: 
N, 14.37. CysH,O;N; requires N, 14.63%). 

Similarly, 1-chloro-2-bromo-4 :6-dinitro-5-methylbenzene with o-aminophenol in 
presence of anhydrous sodium acetate furnished a product which decomposed at 280° and 
was found identical, with 2: 4.dinitro-3-methy! phenoxazine (mixed m.p.). 
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ALIPHATIC AMINE COMPLEXES OF TRANSITION METALS. PART I. 
COMPOSITION AND STABILITY OF ZINC MONOMETHYL- 
AMINE COMPLEXES IN SOLUTION 


By C. S. SHARMA AND P. C. SINHA 


The nature and stability of complexes formed by treating zinc salphate with an excess of 
monomethylamine solution have been studied by the method of distribution of the base between 
two immiscible solvents. In solution zinc appears to be present largely as a complex ion 
containing three molecules of monomethylamine per atom of zinc. A detailed consideration of 
the results has led to some interesting conclusions. 


One of the improtant methods of determining the nature and stability of com- 
plexes in aqueous solution is by the method of distribution of a base in two 
immiscibie solvents. Dawson and McCrae (J. Chem. Soc., 1900, 77, 1239), Tamisier 
(Bull. soc. chim., 1933, 58, 127) and Sinha and Ray (this Journal, 1043, 25, 247) 
used this method for the study of ammine complexes of copper, zinc and cadmium, 
and pyridine complexes of copper. 

In the present investigation, chloroform and water have been used as the two 
immiscible solvents. The working temperature was chosen to b2 35°, and partition 
coefficient of monomethylamine between the two solvents at this temperature was 
determined experimentally. Its value was found to be pratically constant, and 
independent of the initial concentration of the amine. Hence, it can be safely 
concluded that molecular complexity of monemethylamine in chioroform and water 
is the same. 

EXPERIMENTAL 


The partition coefficient of monomethylamine at different concentrations was 
determined by shaking equal volumes of monomethylamine solution and chloroform 
to equilibrium in a thermostat maintained at 35° + 0.02°, and analysing the two 
layers separately for the concentration of the amine, using methyl red us indicator. 


TABLE I 


Partition of monomethylamine between chloroform and water al 35°. 
(All concentrations are in g. moles/litre). 


C, (aq. layer) die 0.7818 1.5612 1.952 2.346 | 3.126 
C2 (CHCl; layer) 0.1422 0.2828 0.3555 0.4260 0.5700 
Kp=C,/C, (Partition coeff.) 5-50 5-52 5.48 5-51 5-48 


Mean value of K »p=5.5. 


After having determined the partition coefficient, a o.5 M solution of zinc 
sulphate was prepared by dissolving appropriate amount of ZnSO,, 7H,O (Analar 
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quality) in a known volume of water. To 1oc.c. of this solution in each of the 
several glass-stoppered bottles varying volumes of 3.66 N monomethylamine solution 
were added, and the volume was made up to 50c.c. with water in each case. 
Chloroform (50 c.c.) was added to each of the bottles and after equilibrium was 
reached in the thermostat, the concentrations of the amine in the two layers were 
determined as in the previous experiment. The concentration of the free amine 
in the aqueous layer was calculated by multiplying the concentration of the amine 
in the chloroform layer by the partition coefficient, and the concentration of fixed 
amine was calculated by taking the difference between the concentrations of the 
total and free amines present in aqueous layer in each case. From these data, average 
number of molecules of the amine, co-ordinated to each atom of zinc, was calculated. 


TABLE II 


Distribution of monomethylamine between water and chloroform in 
presence of 0.1 M-ZnSQ, at 35°. 


(All concentrations are expressed in g. moles /litre). 


C Cy C3 Cy C5 
(Conc. of Zn). (Conc. of the amine (Conc. of the amine (Conc. of free amine (Conc. of Ratio of 
in theCHCl, layer). in the aq. layer). =KpxX). fixedamine. Zn :amine. 
=C3—C,). 
0.100 0.216 1.465 1.188 0.277 2.77 
0.100 0,280 - 1.820 1.540 0.280 2.80 
0-100 0.313 1.995 1.722 0.273 2.73 
0.100 0.344 2.180 1.892 0.288 2.88 
0,100 0.376 2 350 2.068 o 282 2.82 
0.100 0.410 2.530 2.255 0.275 275 
0.100 0.4415 2.710 2.429 0-281 2.81 
0.100 0.4745 2.885 2.610 0.275 2.75 
0,100 0.539 3-240 2.955 0.275 2-75 
0.100 0.602 3.600 3-311 0.289 2.89 


It was observed that at concentrations below the lowest, mentioned in the 
table, the complex partially broke down and zinc was precipitated, probably 
as the hydroxide. Above this concentration, however, the average number of 
molecules of monomethyamine attached to each zinc atom remained practically constant. 


DISCUSSION 


As is well known, the nitrogen atom in methylamine is a better electron donor 
than that in ammonia due to electron-releasing effect of the methyl group. 


In the experiments described above, the number of methylamine molecules 
combined with one atom of zinc was found to be independent of the concentra- 
tion of monomethylamine. This fact can be explained on the basis of the following 
mechanism for the formation of the complex. 


3 
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As methylamine solution is added to a solution of zinc sulphate, zinc hydro- 
xide is first precipitated according to the equation : 


ZnSO, + 2CH;.NH, + 2H,0 = Zn(OH), + (CH;.NHs).SO,. 


It is a well-known fact that zinc hydroxide molecule is linear with two sp hybrid 
bonds. Now two more vacant p orbitals are still available for formation of co- 
ordination compounds, and these can be progressively utilised by formation of 
sp® and sp* hybrid bonds respectively. As already pointed out, monomethylamine 
has stronger co-ordivating properties than ammonia ; hence, the molecules of the amine 
are progressively co-ordinated to zine hydroxide, utilising the vacant orbitals, accord- 
ing to the following equations: 


Zn OH), + CH;-NH, = Zn(CH;.NH,)(OH), (1) 
Zn(CH;.NH;)(OH), + CH; NH, = Zn/CH;.NH;)2(OH), (2) 


With the progressive co-ordination of the molecules of the amine, the solubility of 
the hydroxide increases. As two molecules of the amine occupy the two vacant 
co-ordination positions of Zn(OH),. the perturbation caused by the two strongly 
electron-donating groups makes the covalent bonds between zinc and hydroxyl 
groups weaker, and the complex is dissociated to a small extent according to the 
equation : 
Zn(CH;.NH,).(OH), = + (2a) 
so that K a for equation (2a) is given by : 
[OH™]* 
[Zn(CH;.NH,)2 (OH). ] 

The zinc bis-monomethylamine ion reacts with a third monomethylamine mole- 

cule, forming zinc tris monomethylamine ion according to equation (3): 
[Zn(CH;.NH,).!** + CH;.NH, +H,0 = [Zn‘CH;.NH,), 


The equilibrium constant of this reaction is given by : 
* ][CH;.NH,] 


[Zn(CH;.NH,),(H,0) 
Ka 


lf the dissociation constant of monomethylamine is represented by K,, then 


[CH,.NH,] [CH;.NH,] 


Using this result, we get 
Ka 
The hydroxide of the zinc tris-monomethylamine ion remains completely dissociated, 
since the co-ordination affinity of Zn has been saturated by the three amine 
molecules (vide infra), and the hydroxyls are linked to the complex by purely 
ionic bonds, As already pointed out, Zn(CH;.NH,.),(OH), is only weakly dissociated. 
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Hence, the ratio of zinc atoms with three and two molecules of the amine respec- 
tively is very closely represented by 


[Zn(CH,.NH,),(H,0)]** : 


and it has been shown above that this ratio is constant and independent of the 
concentration of the amine. As reactions (1) and (2), however, are clearly depen 
dent on the concentration of the amine, on lowering the concentration of the amine, 
a critical concentration of the amine for each concentration of zinc ious is reached, 
after which further lowering of concentration of the amine results in the precipita- 
tion of the sparingly soluble zinc hydroxide, due to reversal of reactions (2) and (1). 


The fact, that the average number of amine molecules attached to each zinc 
is about 2.8, suggests that the ratio of [Zn(CH,.NH,),(H.O)]** : [Zn(CH;-NH,}2(OH,) ] 
is about 8: 2 or 4:1. 

Thus, the peculiar nature of the zinc monomethylamine complex in solution 
is explained. The fact that the complex ion is present only to an extent of 80% 
of the concentration of zinc atoms, suggests that the stability of the complex 
is comparatively low with repect to the zinc ammine complexes. 

The fact that the zinc monomethlamine complex ion has no tendency to attach 
afourth amine molecule, iu contrast with zinc ammine complexes in solution, 1s 
in the opinion of the authors dependent on probably two factors: (1) the electron 
affinity of the zinc ion is more or less saturated by only three moleules of the 
amine due to electron-releasing effect of the methyl group, and (ii) the steric effect 
due to introduction of a methyl group in ammonia. 
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STUDIES ON THE METAL COMPLEXES OF HYDROXAMIC ACIDS. 
PART IV. COLOURED COMPLEXES OF IRON AND VANADIUM 
WITH QUINALDINOHYDROXAMIC ACID AND THEIR 
ANALYTICAL USES 


By R. L. Dourra 


Quinaldinchydroxamic acid has been synthesised and its properties have ,been studied. A 
comparison of properties of the metal complexes of picolino-, nicotino-, isonicotino- and quinaldino- 
hydroxamic acids reveals a fair amount of gradation. The quinaldinohydroxamic acid complexes are 
characterised by comparative insolubility in water but ready solubility in organic solvents. 


The reagent has proved to be sensitive for both iron and vanadium. Unlike with the other 
hydroxamic acids, it has been possible to determine iron aud vanadium spectrophotometrically in the 
same sample with the help of this reagent. The Sandell sensitivity for the iron complex is o.ory and 
that for the vanadium complex, 0.0137. 


With a view to finding out more sensitive and efficient reagents for the 
colorimetric determinaticn of metals, a systematic study on the metal complexes 
of pyridinohydroxamic acids was undertaken by the author, A detailed and systematic 
study has been made and the usefulness of the reagents for spectrophotometric deter- 
mination of manganese, iron, vanadium and molybdenum has already been reported 
(Dutta, this Journal, 1957, 34, 311; 10958, 35, 243) in the case of nicotino- ‘and iso- 
nicotino- hydroxamiic acids. 

In order to extend the studies to the quinolinohydroxamic acids and thereby to 
examine the weighting effect of the ligand, quinaldinohydroxamic acid hydrochloride has 
now been synthesised, and its behaviour towards various metallic ions examined. 

The reagent, quinaldinohydroxamic acid, has been obtained by the interaction of the 


| 
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ethyl ester of quinaldinic acid and hydroxylamine in absolute alcohol and the reagent 
finally obtained as the hydrochloride, the solubility of the latter in water being much 
lower than that of the hydrochloride of the other three pyridinohydroxamic acids. ‘The 
aqueous solution of this hydroxamic acid hydrochloride has a light yellow colour, 
whereas those of the hydrochlorides of pyridinohydroxamic acids are colorless. 


An account of the general reactions cf quinaldinohydroxamic acid with various 
metallic ions is given in the Experimental. For the sake of comparison, the correspond- 
ing reactions of the three pyridinohydroxamic acids have also been presented. A fair 
amount of gradation in their properties is at once revealed. Thus, the solubility of the 
metal complexes, in general, falls off in the order: isonicotino- —> nicotino- --> picolino- 

--> quinaldino-hydroxamic acid, whereas the degree of extractability of the metal. com- 
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plexes with organic solvents increases in the same order. The ease of formation of the 
red-violet manganese complex (which is believed to be a case of aerial oxidation, resulting 
in the formation of the Mn"™ complex) very distinctly falls off in this order. Thus, 
quinaldinohydroxamic acid produces with Mu" in ammoniacal medium a pale yellow 
precipitate which does not turn red-violet even on prolonged agitation. Picolinohydrox- 
amic acid on prolonged shaking produces a faint red-violet colour, which soon turns 
turbid and precipitates manganic oxide. But nicotino- and isonicotino-hydroxamic acids 
under similar conditions produce stable and sensitive red-violet colour, which has been 
utilised for the spectrophotometric estimation of the metal (Dutta, loc. cit.). 


Ferric iron produces a violet colour at pH 1.2 and a red-coloured precipitate 
over the PH range 1.5 to 9.5. The precipitate dissolves above pH 10, producing a 
golden yellow colour. Fe" also produces the red precipitate, which dissolves iu alkali to 
produce a golden yellow solution. For the determination of traces of iron, the optical 
density of the golden yellow colour (Amax 430 mz) may be measured over the pH range 
11.0 to 12.5 against a reagent blank of similar pH. The red precipitate can be 
extracted with isobutyl alcohol over the pH range 3 o to 9,0 and the optical density of 
the orange-red alcoholic extract measured at Amax 450 me. The Sandell sensitivity of 
the colour reaction (for Fe" and Fe") is the same (0.017). Beer’s law is closely followed 
by both the systems and the coloured products are perfectly stable. 

In aqueous medium at pH 2.3 to 5.0, vanadium produces a dirty purple precipitate 
which dissolves at :-pH 5.9 to furnish a brown-coloured solution, the colour of which is 
discharged by the addition of alkali. The dirty purple precipitate is readily extrac- 
able in presence of excess reagent with higher alcohols, producing an intense orange- 
red solution, over the pH range 3.0 to4.8. The coloured complex has 2n absorption 
maximum at 440-450 mu. The system obeys Beer’s law and shows a satisfactory 
stability (Sandell sensitivity 0.013 7). 

A study of the range of extractability of the iron and vanadium complexes 
has revealed that within the pH range 3.0 to 4.7, both iron and vanadium 
complexes are quantitatively extractable whereas within the pH range 7.0 to 9.0, iron 
alone is extracted. It has therefore been possible now to work out a method for the 
determ‘nation of iron and vanadium present in the same sample (vide Experimental). 
However, a more direct procedure would have been to extract out the iron complex at 
>H 7.0 to 9.0 and then to determine vanadium in the remaining aqueous layer by extrac- 
tion at pH 3.0 to 4.7. But this procedure, although gave correct values for the iron 
present in the sample, yie'ded lower values for vanadium. This difference was traced to 
the retention of some vanadium in the alcoholic extract at pH 7.0 to 9.0. 


ExPERIMENTAL 


Quinaldinic acid was prepared from quinaldine by following Hammick’s method 
(J. Chem. Soc., 192,, 128, 2882). 

Ethyl Quinaldinate.—Quinaldinic acid (20 g.) ‘was taken in absolute ethyl 
alcohol (100 c.c., lime-dried and then distilled over sodium), H,SO, (conc., 12-14 c.c.) 
added and the mixture heated under reflux on a water-bath for 5 to 6 hours, -The 
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mixture was cooled, poured into ice, basified with ammonia and the separated ester 
extracted with ether, The ether extract was dried (Na,SO,) and the ether removed 
under reduced pressure ; yield 10 g. 

Quinaldinohydroxamic Acid Hydrochloride——A suspension of perfectly dry 
hydroxylamine hydrochloride (23.5 g. in 50 c.c. ethyl alcohol), taken in a three-necked 
flask fitted with an efficient mechanical stirrer, was treated with sodium ethoxide (8 g. 
sodium in 200 c.c. ethyl alcohol) under stirring. After an hour’s stirring, the separated 
sodium chloride was removed by filtration. The filtrate was taken in a flask, treated 
with ethyl ester of quinaldinic acid (10 g.) and allowed to stand at 20° for 8-12 hours. 
Sodium ethoxide solution was kept in excess of the theoretical requirement in order to 
accelerate the reaction. Major portion of the hydroxamic acid separated as its sodium 
salt. The reaction mixture was then evaporated to dryness under reduced pressure on 
the water-bath. The residue was dissolved in hot water, acidified with HCI (dil.) and 
cooled. The crude quinaldinohydroxamic acid hydrochloride that separated was 
recrystallised from hot water containing a little HCl. It was finally dried in air. It 
forms pale yellow silky flakes, m.p. 205-206°. (Found: N, 12.3. C,H,O,N.2-HCl 
requires N, 12.5%). It is slightly soluble in cold water but more so in hot water and in 
alkali solutions. 

The reactions of quinaldinohydroxamic acid together with those of picolino-, 
nicotino- and isonicotino-hydroxamic acids are recorded in Table I. 

The reagent was fuund to be colorimetrically sensitive towards iron and vanadium, 
but not to uranium, titanium and molybdenum. With manganese it produced no red- 
violet coloration, differing thereby from nicotino- or isonicotino-hydroxamic acid. 

A 1% solution of the reagent was prepared in hot water ; the solution was allowed 
to cool down to room temperature and then used for the spectrophotometric 
determinations. 


Determination of Iron 


Fe" solution was prepared from ferric nitrate ; its iron content was determined 
gravimetrically as oxide. Fe" solution was prepared by weighing G. R. ferrous ammo- 
nium sulphate. These solutions were appropriately diluted. 

A Unicam SP 600 spectrophotometer was used for the measurement of the optical 
density in 1 cm cells, unless otherwise mentioned. 

Optimum Wave-length for Measurement of the Optical Density.—The optical 
density values at the different wave-lengths of the coloured products (Fe content 8y 
per c.c.) in presence of a large excess of the reagent and at pH 11.5 are presented in 
Fig. 1 together with that of the same amount of the reagent at the same pH. It appears 
that the absorption maximum of the coloured product lies at 430-440 mp, where the 
reagent also shows absorption. Measurements were therefore made against the reagent 
blank of similar pH. In the figure are also shown the O.D. values of the ferric (ferrous) 
quinaldinohydroxamate extracted from aqueous medium (pH 4.82) with isobutyl 
alcohol. ‘The absorption maximum lies at 450 mp. 

Effect of pH and Reagent Concentration on the Colour Intensity.—The extraction of 
the red-coloured precipitate from aqueous medium with isobutyl alcohol was found to be 
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quantitative over a very wide range of pH, 3.0to9.0. Above pH 10, the precipitate 
went into solution, producing a golden yellow colour, which maintained constant optical 
density over the pH range 11.0 to 12.5. 


Variation of the reagent concentration at pH 11,0 showed that an amount at least 
twelve times the molar proportion of iron was necessary for maximum colour formation. 

Adherence to Beer's Law.—The golden yellow colour, as also the orange-red 
alcoholic extract, obeyed Beer’s law over a wide range, ry to 8y Fe/c.c. 


Sandell sensitivity : o.ory Fe/cm?. 

Influence of Foreign Ions on the Colour Sysiem.—The golden yellow colour formed 
in the alkaline range is more useful for the determination of iron than the extraction 
procedure, in the presence of foreign ions. In the presence of titanium (soy) and 
uranium (6o0y), the colour intensity should be measured at 500 mys. Vanadium and 
molybdenum do not interfere even when present in considerable amounts. Copper, 
nickel and cobalt interfere. 


Fic, 1. 
Absorplion spectra. 
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Curve A: Iron quinaldinohydroxamate (SyFe/c.c.) at pH 11.5. 

Curve B: Quinaldinohydroxamate at pH 11.5; 1% solution. 

Curve C: isoButyl alcohol extract of aqueous iron quinaldinohydroxamate (pH of the 
aqueous medium 4.82) ; 8yFe/c.c. 


Curve D: isoButyl alcohol extract of aqueous vanadium quinaldinchydroxamate (pH 
of the aqueous medium 4.58) ; 8yV/c.c. 
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Determination of Vanadium 


The optical density values of the golden yellow vanadium quinaldinohydroxamate, 
extracted out of aqueous medium (pH 4.58) with isobutyl] alcohol, are shown in 
Fig. 1. The coloured complex showed its absorption maximum at 450 mp. The 
measurements of optical density were made against isobutyl alcohol. The optimum 
pH {of the aqueous medium) for extraction of the coloured product was 3.0 to 
4.7. For maximum colour formation, a reagent concentration of about twenty times 
the moler proportion of vanadium was required. ‘The coloured product obeyed Beer’s 
law and was prefectly stable (Sandell sensitivity 0.or3yV/cm’). Titanium, uranium 
and molybdenum should not be present beyond 257/c.c., and in their presence, 
the optical density of the alcoholic extract should be measured at 500 mp in order 
to minimise the error due to the other absorbing species, Copper, nickel and cobalt 


interfere. 
Determination of Vanadium and Iron in presence of each other 


To an aliquot of the solution containing iron and vanadium (total amount not 
exceeding o.2 mg.) was added an excess of quinaldinohydroxamic acid hydrochloride 
(5 c.c., 1% solution), di'uted to about 50 cc., pH adjusted near about 4.0 and 
the complex extracted with three or four 5 c.c. portions of isobutyl alcohol. The 
extracts were collected in a 25 c.c. flask and the volume made up with the alcohol. 
The solution was then passed through a filter paper to retain the traces of water 
and its optical density measured in a 31cm cell at 450 mp against a similarly 
prepared reagent blank. 

A similar aliquot was again taken, excess reagent added, pH adjusted within 
7.0 to 9.0, the coloured product extracted with isobutyl alcohol and optical 
density measured at 450 mp in arcem cell. This determination in conjunction 
with a Beer’s law curve provided the amount of iron present in the sample. 


The optical density due to iron alone was then subtracted from the O.D. of 
the. extract (at pH 4.0). The difference gave the O.D. of vanadium present in 
the sample, whence from the Beer’s law curve of vanadium complex, the vanadium 
content of the sample was calculated. Satisfactory results were obtained and the 
error did not exceed 2%. é 

The studies on the analytical properties of hydroxamic acids have been extende1 
to anthranilohydroxamic acid (o-aminobenzohydroxamic acid) in an effort to examine 
the modifications in properties which might result from the substitution of the 
acidic OH group of the salicylohydroxamic acid by a basic NH, group. The 
reactions of this reagent will be reported in due course, 


Author’s grateful thanks are due to Prof. P. Ray and Dr. P. C. Banerjee 
for their advice and gooi wishes. Thanks are also due to the Government of 
of India for the award of a senior research scholarship which has enabled the author 
te undertake this investigation. 
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~~ ~SULPHINATION. PART III. SULPHINATION OF 6-HYDROXY- 
COUMARIN AND 4-METHYL-6-HYDROXYCOUMARIN 


By R. N. UsGAoNnKAR AND G. V. JapHav* 


The action of thionyl] chloride on 6-hydroxycoumarin in presence of anhydrous aluminium chk ride 
leads to the formation of sulphinic acid, while no reaction takes place on 4-methy!-6-hydroxycoumarin. 


6-Hydroxycoumarin (I, A) condensed with thionyl chloride in presence of anhydrous 
aluminium chloride to afford a poor yield of sulphinic acid (II). Attempts to sulphinate 
4-methyl-6-hydroxycoumarin (I, B) under the same conditions met with failures, unchan- 
ged coumarin (I, B) having been recovered from the mixture. 


oO 
ry \Nco 
Cc | CH 
| SO.H 
R 
(I) (11) 


[A:R=H;B: R=Me] 


The sulphinic acid obtained from (I, A) is assigned the constitution of 6-hydroxy- 
coumarin-5-sulphinic acid (IJ) from the following considerations. The sulphinic acid 
and its derivative exhibit coloration with alcoholic ferric chloride showing -SO,H 
group to be either in position ‘5’ or ‘7° (positions ortho to hydroxyl group) of the 
coumarin (I,A). The chance of -SO,H group to enter the position ‘7’ is considered 
rather remote, otherwise 4-methyl-6-hydroxycoumarin (I, B) would have also reacted 
to furnish the sulphinic acid since position ‘7’ is alike in both (I,A) and (I,B). The 
position ‘5’ in coumarin (1,B) is under the influence of steric effect of methyl group in 
position ‘4’ which renders it less accessible to a new substituent, while no such effect 
is there on position ‘5’ of coumarin (I,A). During sulphonation of these coumarins 
(I,A) and {1,B) with chlorosulphonic acid, it was also obsetved that coumarin (I,A) 
reacted to yield the sulphonic acid which was found to be the-same as the one obtained 
by oxidation of sulphinic acid (II), while no reaction took place on coumariu (I,B). 


These results therefore suggest that in 6-hydroxycoumarin derivatives, position 
‘5’ is the only reactive position, and the failure of 4-methyl-6-hydroxycoumarin to react 
is probably due to steric effect of the methyl group on this position. Similar observa- 
tions have been made in the Friedel-Crafts acylation of 6-hydroxycoumarin derivatives 
(Desai and Mavani, Proc. Ind. Acad. Sci., 1942, 15A, 1,11; 10947, 25A, 327; Thakor, 
Curr. Sci., 1951, 20, 234). 


* Present address : D E. Society’s Bombay College, Dadar, Bombay-28. 
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ExPERIMENTAL 


6-Hydroxycoumarin-5-sulphinic Acid (II).—Thionyl chloride (2.35 c.c.) was 
gradually added to an intimate mixture of 6-hydroxycoumarin (I,A, 2-5 g.) and pow- 
dered anhydrous aluminium chloride (6.2 g.) at room temperature and was left overnight. 
It was decomposed by adding HCl (10 c.c.) and crushed ice (total volume 75 c.c.). 
Original coumarin (unchanged) that separated was removed and the filtrate after 
scratching was kept in the refrigerator. The sulphinic acid slowly separated within 
2to3days. It wasdried in vacuum, m.p. 150° ‘decomp.), yield 0.5 g. Additional 
amount of sulphinic acid (about 0.2 g.) was recovered from the filtrate, after concentra- 
ting it under reduced pressure. At first the original coumarin (pobably due to decom- 
position of sulphinic acid) that precipitated, was removed. 

Pure sulphinic acid was obtained by acidifying the aqueous solution of crystallised 
potassium salt of sulphinic acid, m.p. 153° (decomp.). (Found:S, 14.66. C,H,O;S 
requires S, 14.16%). It developed a violet coloration with alcoholic ferric chloride. 

Potassium salt was prepared by adding alcoholic potash to an alcoholic solution of 
sulphinic acid till a slight permanent yellow tinge appeared in the solution. It was 
crystallised from alcohol (with a few drops of water) as long needles. 

Ammonium salt was prepared by passing dry ammonia gas in an alcoholic 
solution of the sulphinic acid and was crystallised from alcohol (with afew drops of 
water) in shining cubes. (Found: N, 5.38. CyH,0OsNS requires N, 5.74%). 

s-Benzylisothiourea derivative was prepared by adding an aqueous solution of 
s-benzylisothiourea hydrochloride to the aqueous solution of potassium salt of sulphinic 
acid. It was crystallised from alcohol as shining needles, m.p. 145° (decomp.). 
(Found: N, 7.60. C,;H,,O;N.S2 requires N, 7.14%). 

6-Hydroxycoumarin-5- sulphonic Acid (Sodium salt): (i) Oxidation of Sulphinic 
Acid (II).—The sulphinic acid (II; 0.5 g. in 5 ¢.c. of sodium bicarbonate solution) 
was oxidised by adding hydrogen peroxide (3 c.c. of 100 vol. + 7 c.c. of water), 
keeping first at room temperature for about 2 hours, and then heating on a water-bath 
for about an hour. The sulphonic acid was isolated as its sodium salt by adding a 
saturated solution of sodium chloride to the neutralised mixture after concentrating it 
to a small bulk. It separated as a crystalline solid. s-Benzylisothiourea derivative 
was prepared as usual. It was crystallised from water in prismatic crystals, m.p. 
148-50°. (Found: N, 7.23. C,;H,.O.N2S, requires N, 6.86%). 

(ii). Sulphonation with Chlorosulphonic Acid.—Chlorosulphonic acid (1.5 c.c.) 
was gradually added to 6-hydroxycoumarin (I,A; 1g.) and the mixture was heated on 
a water-bath for about 2 hours. Crushed ice was added to it after cooling and a little 
pasty product that separated was removed. The filtrate was boiled to drive off HCl, 
when the unchanged coumarin separared. It was removed and the solution was concen- 
trated to a small bulk and poured in the small quantity of saturated solution of common 
salt when sodium salt of the sulphonic acid slowly separated. s-Benzylisothiourea 
derivative was crystallised from water, m.p. and mixed m.p. with previous specimen, 
148-50°. 
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6 Hydroxy- § -chloromercuricoumarin.—To the solution of the sulphinic acid 
(II ; 0.5 g. in roc.c. of absolute alcohol) a solution of mercuric chloride (1 g. in 1oce. 
of alcohol) was added in cold and the mixture was well shaken. A crystalline solid 
slowly separated with continuous evolution of sulphur dioxide. It was kept for about 
4 hours at room temperature and then filtered. It was purified by first boiling with 
water and then with alcohol as it was insoluble in most of the solvents. (Found: Hg, 
49-9. C,H;0,HgCl requires Hg, 50.4%). 
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POSSIBLE ANTIAMOEBIC AGENTS. PART VIII. SYNTHESIS OF 
DIALKYLAMINODIMETHYLENE-PHENYLETHYLAMINES 


By A. B. SEN AND S. LL. ARORA 


Several substituted dialkylaminodimethylene-phenylethylamines, based on the partial structure of 
emetine, have been synthesised with a view to testing their antiamoebic activity. 


It has’ been postulated by several workers (Pyman ef al., Chem. & Ind., 1937, 
55, 789 ; Goodson and Goodwin, Brit. J. Pharmacol., 1948, 3, 44, 49, 62; Sugasawa, 
J. Pharm. Soc., Japan, 1949, 69, 83 Osbond, J. Chem. Soc., 1951, 3464) that the 
activity of emetine (Ia) is due to the presence of two nitrogen centres, of which one is 
secondary and the other is tertiary, separated by a carbon chain. Sen and Kulkarni 
(this Journai, 1958, 35, 205) synthesised a number of dialkylaminotrimethylene-benzyl- 
amines and observed appreciable amoebacidal activity in vitro in this group of com- 
pounds. Encouraged by these observations several diamines (Ib), based on the partial 
structure of emetine, containing one secondary and another tertiary nitrogen atom 
with an intervening bridge of two carbon atoms, have been prepared with a view to 
studying their amoebacidal activity. 


OMe 4~\_oMe 
OM HN | | 
[Ia] [Ib] 


[Ib :R’=R"=piperidino or morpholino ; 
alkyl groups ; 
n=2]. 


The (1b) were prepared by the 
condensation of the appropriate dialkoxyphenylethylamines with dialkylaminoethy] 
chloride hydrochloride in absolute alcoho] in the presence of anh drous potassium 
carbonate (Kermack and Wight, J. Chem. Soc., 1935, 1421). 

Attempts to prepare the dialkoxyphenylethylamines by the reduction of the 
corresponding f-nitrostyrenes by Adams’ catalyst did not succeed and these were therefore 
prepared by a five-step synthesis, starting from the appropriate diaikoxy-(3 : 4-dime- 
thoxy-, 3-methoxy-4-n-butoxy-, 3-methoxy-4 n-amyloxy-, 3-methoxy-4-n-hexyloxy- and 
3-methoxy-4-n-heptyloxy)-benzaldehydes. The alkoxybenzaldehydes (I) were obtained 
from vanillin by the action of different alkyl halides and were then converted into the 
corresponding cinnamic acids (II) by condensation with malonic acid in the presence 
of pyridine, which in turn were reduced to the corresponding hydrocinnamic acids 
(III) by sodium amalgam and water, The hydrocinnamic acids were then converted 
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into the corresponding amides (IV) via the acid chloride, followed by treatment with 
aqueous ammonia, and finally the amides were converted into the corresponding 
dialkoxyphenylethylamines (V) by the Hoffmann reaction. The various steps involved 
are: 


COOH CH 
Meo—7—CHO MeO—7—CHO Meo--7—cHO / 
HO—\y / KO— RO— RO— 
VY COOH coon 
[1] [11] 
CH, CH, 
MeO— \ MeO-- MeO—7 \ 
sane | | CH, —> | ee CH, 
RO | RO | 
COOH CONH NH, 
[111] [1v] [v] 


R’ 
HCI.C1.CH.CH,.N€ 
R’ 


The phenylethylamines (V) and the §-dialkylaminodimethylene-p!ienylethylamines 
(Ib) were characterised as their picrates. 


EXPERIMENTAL 


Dialkoxy-benzaldehydes (1).—3 :4-Dimethoxybenzaldehyde was prepared from vanil- 
lin and dimethyl] sulphate in alkaline medium (Vogel, ‘‘Practical Org. Chem.’’, p. 804). 
The other dialkoxy-(3-methoxy-4-n-butoxy-, 3-methoxy-4-n-amyloxy-, 3-methoxy 4-n- 
hexyloxy- and 3-methoxy-4-n-heptyloxy)-benzaldehydes were obtained according to 
Dickinson etal. (J. Chem. Soc., 1927, 1894). Vanillin (1M) was dissolved in 10% 
aqueous KOH (1M) solution, and evaporated to dryness on a water-bath. The K-salt 
of vanillin (1M) was then refluxed with the appropriate alkyl bromide (1.47M) 
in absolute alcoliol over a steam-bath for 12 hours. The alcohol was removed by 
distillation and water was added to the residual mass, when an oily liquid 
separated out which was taken up in ether. The ethereal extract was dehydrated and 
distilled under reduced pressure, when the alkoxy-beuzaidehydes were obtained in very 
good yields (cf. Pearl, J. Amer. Chem. Soc., 1955, 17, 757): 

Dialkoxy-cinnamic acids (II) were prepared by heating the appropriate dialkoxy- 
benzaldehyde (1M) with malonic acid (1.15M) in pyridine (250 c.c.) in the presence of 
piperidine (1 c.c.) on a water-bath for 4 to 6 hours, and then pouring the mass in cold 
1:1-HCl, when the cinnamic acid separated out. ‘This was filtered, washed with 
1:1-HCl, then with water and finally dissolved in a saturated aqueous so'ution of Na,CO, 
and reprecipitated with HCI, filtered, dried and recrystallised from alcohol or benzene 
(Slotta et al., Ber., 1930, 63, 3036). 

3:4-Dimethoxycinnamic acid has been reported by Perkin et al. (J. Chem. Soc., 
1924, 1679), 3-methoxy-4-n-butoxy- and 3-methoxy-4-n-hexyloxy-cinnamic acids have 
been reported by Moore et al. (J. Amer. Chem. Soc., 1954, 76, 3656). 
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The yields, m.p., neutralisation equivalents and the analysis of the other two 
acids are recorded in Table I. 


TABLE I 
Dialkoxy-cinnamic M.P. Yield. Neut. equiv. % Carbon. % Hydrogen. 
acids. Found. Calc. Found. Cale. Found. Cale. 
3-Methoxy-4-n-amyloxy- 118° gt% 263.9 264 68.10 68.20 7.60 7.57 
3-Methoxy-4-n-heptyloxy- s33° 85 292.1 292 69.70 69.85 8.30 8.21 


Dialkoxy-hydrocinnamic acids (III) were obtained by the reduction of the appro- 
priate cinnamic acids with sodium amalgam and water according to Erlenmeyer et al. 
{Annalen, 1862, 121, 375 ; 1866, 137, 237). ‘The appropriate cinnamic acid ‘o.1M) 
was taken in ten times its weight of water in a three-necked flask fitted with an 
efficient stirrer, and made alkaline by adding an equivalent amount of NaQH. In the 
case of 3-methoxy-4-n-heptyloxy-cinnamic acid, alcohol (95%) was added to the 
alkaline suspension in order to bring the acid in solution. The alkaline solution of 
the acid was stirred vigorously and 251.6 g. of sodium amalgam (3%) was added 
portionwise during 4 hours at room temperature. The stirring was continued for 
another 4 hours after which it was cooled and acidified with HCI iconc.), when the 
hydrocinnamic acid precipitated out which was filtered, washed with cold water, dried 
and recrystallised either from alcohol or benzene. 

3:4-Dimethoxyhydrocinnamic acid has been reported by Perkin et al. (J. Chem. 
Soc., 1907, 1079), while 3-methoxy-4-n-butoxy- and 3-methoxy-4-n-hexyloxy-hydro- 
cinnamic acids have been reported by Moore et al. (loc. cit.). 


The yields, m.p., neutralisation equivalents and the analyses of the other acids 
are recorded in Table IT. 


TABLE II 
Dialkoxy-hydro- M.P. Vield. Neut. equiv. % Carbon, % Hydrogen. 
cinnamic acids. Found. Calc. Found. Cale. Found. Cale. 
3-Methoxy-4-n-amyloxy- 69° 94% 266.1 266 67.70 67.67 8.25 8.27 
3-Methoxy-4-n-heptyloxy- 76° 96 293-9 294 69.30 6940 ©68.80 8.84 


Dialkoxy-phenylpropionamides (IV} were prepared according to Pictet et al. (Ber., 
1909, 42, 1985) by dissolving the appropriate hydrocinnamic acid (0.1M) iu dry CHCl, 
adding PCI, (o0.1M) under cooling and finally refluxing on the water-batk till HCl 
fumes had ceased to evolve. The CHCl, and POCI, were removed under reduced 
pressure. The acid chloride, thus obtained, was cooled and aqueous ammonia was 
added in small lots with vigorous shaking till ammonia was in excess. The amide 
separated out as a soiid, which was recrystallised either from benzene or benzene-petro- 
leum ether mixture. 

3:4-Dimethoxyphenylpropionamide has been reported by Pictet et al. (loc. cit.). 
The yields, m.p., and the analyses of the alkoxy-phenylpropionamides are recorded 
in Table III. 


i 
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Tasie III 


Dialkoxy-phenyl- me. Yield. % Nitrogen. % Carbon, % Hydrogen. 
propionamides. Found. Calc. Found. Calc. Found. Calc. 
3-Methoxy-4-n-butoxy- 112° 70% 5.50 5:57 66.90 66.93 830 8.36 
3-Methoxy-4-n-amyloxy- 97° 55 5-28 5.28 67.80 67.99 8.70 §=—«-_:« 8.68 
3-Methoxy-4-n-hexyloxy- tor°® 54 5.10 5.01 68.90 68.81 9.00 8.96 
3-Methoxy-4-n-heptyloxy- 96° 82 4.82 4.77 69.50 69.61 9.30 9.21 


Dialkoxy-phenylethylamines (V) were prepared according to Woodruff et al. (J. 
Amer, Chem. Soc., 1938, 60, 465) by adding the appropriate amide (0.1M) to a solution 
of bromine (0.106M), dissolved in 10% KOH solution (4 M), cooled to 0°. The 
solution was stirred till most of the amide went into solution ; it was then filtered and the 
filtrate heated for 2 hours at 70-80°. Solid NaOH {16 g.) was then added and the heat- 
ing was continued at 80° for another 2 hours, when the amine separated out as an oil. 
After cooling the reaction mixture, the amine was taken up in ether, the ether extract 
dried (anhydrous magnesium sulphate), the ether removed and the residue distilled 
under reduced pressure. 

Out of the five phenylethylamines prepared, 3:4 dimethoxyphenylethylamine has 
been reported by Mannich et al. (Ber., 1910, 48, 196). 

The yields, boiling points, and analyses of the other phenylethylamines and their 
picrates are recorded in Table IV. ’ 


TaBLe IV 
Amines. Picrates. 

Dialkoxy-phenylethylamines. B.P. % Yield. % Nitrogen. M.P. % Nitrogen. 

Found. Calc. Found. Calc. 
3-Methoxy-4-n-butoxy 145/10 mm 84 6.30 6.27 101° 12.30 12.40 
3-Methoxy 4-n-amyloxy- 180/10 74 5.30 5:90 115° 12.00 12.02 
3-Methoxy-4-n-hexyloxy- 160/10 70 5.58 557 
3-Methoxy-4-n-heptyloxy- a 179/10 75 5.30 5.28 


Dialkyl-aminoethyl chloride hydrochlorides were prepared according to Kermack 
and Wight (loc. cit.), as described below. 


4-Morpholinoethanol.—Morpholine (34.84 g., 0.4M) was added to a solution of 
ethylenechlorohydrin (16.1 g., 0.2M) in dry benzene (roo c.c.) and the mixture w.s 
refluxed for ro hours. It was then cooled in ice, when the morpholine hydrochloride 
separated out. It was removed by filtration. After removing the benzene from the 
filtrate, the residual liquid was distilled, when 4-morpholinoethanol distilled, b.p. 
220-23°, yield 25 g. (95% of the theory). 

1-Piperidienoethanol was obtained similarly from piperidine (34 g., 0.4M) and 


ethylenechlorohydrin (16.10 g., 0.2M) in dry benzene, b.p. 197-98", yield 23 g. (80% 
of the theory). 
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4-Morpholinoethyl Chloride Hydrochloride.—-4-Morph olinoethanol (13.1 g., o.1M) 
was taken in dry benzene (roo c.c.) in a three-necked flask which was cooled externally 
by ice. After cooling, thionyl chloride (0.12M) was added dropwise during 2} hours. 
The reaction mixture was then heated on a water-bath at 60-70” for another 3 hours. 
It was then cooled and the chloride hydrochloride separating was recrystallised from 
acetone, n.p. 180°, yield 17.3 g. (93% of theory). 

1-Piperidinoethyl chloride hydrochloride was obtained in the same way from 
1-piperidinoethanol (12.9 g., 0.:M) and thionyl chloride (0.12M), m.p. 226°, yield 
16.2 g. (88% of theory). 

8-Dialkylaminodimethylene-phenylethylamines (Ib) were prepared according to 
Kermack and Wight (loc. cit.). The appropriate dialky!aminoethyl chloride hydro- 
chloride (0.0rM), auhydrous potassium carbonate {(o.01M) and absolute alcohol 
(13-15 c.c. for every 2.5 g. of the hydrochloride) were taken ina r.b. flask fitted with a 
dropping funnel and a condenser, and cooled externally by ice ; then the appropriate 
phenylethylamine (0.01M) was added with shaking. The mixture was refluxed on a 
steam-bath for 6 to 7 hours, cooled and diluted with water, when the liquid diamine 
separating out was removed and the aqueous layer left was saturated with sodium chloride 
and extracted twice with ether. The ether extract was added to the diamine and after 
drying over anhydrous potassium carbonate it was filtered, the solvent removed and 
the residual liquid distilled under reduced pressure. The diamines were characterised as 
their picrates. 

Picrates.—Hot alcoholic solutions of the amine (0.2 g.) and picric acid (0.2 g.) 
were mixed and heated on a steam-bath for 5 minutes, when yellow crystalline 
picrate separated out. ‘The yields, boiling points, analyses of the diamines (Ib) and 
their picrates are recorded in Table V. 

CHEMICAL LABORATORY, 
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POSSIBLE ANTIAMOEBIC AGENTS, PART IX. SYNTHESIS OF MANNICH 
BASE HYDROCHLORIDES OF SUBSTITUTED PHENOLS 


By A. B. Sen AnD O. P. MADAN 


Several Mannich base hydrochlorides have been synthesised from substituted phenols with a view 
to testing their antiamoebic activity. 


Sen and Arora (this Journal, 1958, 35, 613) reported the synthesis of a number of 
compounds based on the partial structure of camoform, an effective amoebacide intro- 
duced by Parke Davis & Co. These compounds have been found to possess antiamoebic 
activity more than camoform, when tested in vitro. The present work reports the 
synthesis of Mannich base hydrochlorides (I & II) from unsaturated phenols containing 
different alkyl and halogen groupings (allyl, amyl‘, butyi‘, methyl and chloro), with a 
view to studying their antiamoebic activity. 


R 
R,—7\—R, R,—7)—CHN 
| | | 
Y 
CH,N \ 2 
HC! 
(1) (11) 


[R, & R,: substituents in the nucleus ; R’ & R” : substituents in the basic side chain ] 


The allylphenols were prepared by the Claisen rearrangemcnt of the corresponding 
allylphenyl ethers. 

Mannich base hydrochlorides were prepared from 2-allyl-4-amyl‘-, 2-allyl-6-methyl-, 
2-allyl-6-chloro-, 2: 6-diallyl- and 2-chloro-4-butyl'-phenols, using formaldehyde and 
different amines (piperidine, morpholine, piperazine and benzylamine), following the 
method of Bruson et al. (J. Amer. Chem. Soc., 1941, 63, 270). The bases were 
characterised as their picrates ; stability was examined in aqueous solution. 


EXPERIMENTAL 


Substituted Allylphenols.—2-Allyl-4-amyi‘-(Sen and Rastogi, this Journal, 1953, 
80, 556), 2-allyl-6-methyl-(Claisen and Eisleb, Annalen, 1913, 401, 70), 2 :6-diallyl- 
(Claisen, ibid., 1919 418, 97), and 2-allyl-6-chloro-phenols (Tarbell and Wilson, J. 
Amer. Chem, Soc., 1942, 64, 1070) were prepared by the methods given in literature, 
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Mannich Base Hydrochlorides.—To a mixture of the substituted phenol (0.01 M) 
and the amine (0.013 M), cooled in ice, was added dropwise, with shaking, in about 
30 minutes, the calculated amount (0.01 M) of a 30% solution of formaldehyde, when a 
thick emulsion was obtained. The reaction mixture after keeping at room temperature 
for 4 hour was refluxed on a water-bath for 2 hours, when an oily layer soon separated 
cut. To this was added pure sodium chloride (2 g.) and the wixture was further refluxed 
for } hour. After cooling, the oily layer was extracted with ether and the extract dried 
(MgSO,). Dry HCI gas was passed in the cold ether extract, when the Mannich base 
hydrochloride separated out. It was recrystallised from absolute alcohol or benzene as 
required. 

In the case of No. 8a and 16a (Table I), Mannich bases separated as crystalline 
solids after a few minutes of refluxing. ‘These were redissolved by adding absolute 
alcohol and further refluxed for 2 hours. 

Picrates—The Mannich base hydrochlorides (0.2 g. each) (No. 3,5, 8a, 9, 11, 14 and 
15 in Table I) were dissolved in cold rectified spirit (5 c.c.) and to this was added a cold 
alcoholic saturated solution of picric acid (5 ¢.c.), and warmed on a water-bath for 
5 minutes. On cooling the picrates separated out, which were recrystallised from 
alcohol. 

Stability.—The compounds (No. 2, 3, 4, 5,9, 11 and 14 in Table I) (0.2 g. each) 
were dissolved in water (5 c.c.) separately and kept at room temperature for 4o hours. 
The solutions remained transparent throughout. On evaporating the aqueous solutions 
on the water-bath, the original compounds were recovered except in the case of No. 3 
and 4. A depression of melting points was observed in these two cases, indicating 
decomposition. 

The melting points, yields and analysis of Mannich base hydrochlorides and their 


picrates are recorded in Table I. 
CHEMICAL LABORATORIES, 
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GENIN-A AND ISORHAMNETIN FROM THE BARK OF AEGICERAS 
MAJUS GAERTN* 


By K. VENKATESWARA RAO AND P. K. Bose 


Genin-A and isorhamnetin (quercetin 3’-methy! ether) have been isclated from the bark of Aegiceras 


majus Gaertn. 


Aegiceras majus Gaertn (Syn. A. corniculatum Blanco) of the family Myrsinaceae, 
is a shrub or small tree, commonly met with in the mangrove swamps of Asia and 
Australia. The bark is used as a fish poison. Although the presence of a saponin, 
C22H3.0,0, was reported by Weiss (Arch. Pharm., 1906, 244, 221) in the fruit and bark 
of the plant, the aglycone has only recently been isolated by Kincl and Gedeon (ibid., 
1956, 289, 221) who considered it to be a new saturated triterpene of molecular formula 
C3.H;203 and suggested the name Kanjalagin. The latter also recorded a m.p. 230-32°, 
[*]o + 42°-5 (CHCI,) for the sapogenin and for its unanalysed acetate, a m.p. of 330-40°. 
It appeared therefore that this might prove to be the first instance of a saturated triter- 
pene occurring in nature as a saponin, and hence we undertook a re-investigation of the 
bark. 

Alcohol extraction of the defatted bark gave a large amount of saponin from which 
by acid hydrolysis and subsequent take-up with benzene, a mixture of triterpene mono-, 
di- and tri-ols was obtained. The compound, closely agreeing with Kanjalagin in 
physical properties and m.p., was isolated trom this mixture by chromatography and 
further purified through its acetate. The pure sapogenin had mp. 243-45°, 
[a]»°** + 29°.4 (absolute ethanol) und analysed for Cs,.H5.03, while its triacetate melted 
at 158-59° ; [*]>*' — 9°.2 (CHCI,). The acetate showed an intense yellow colour 
with tetranitromethane and in contrast to the finding of the earlier workers, the sapo- 
genin exhibited a faint but distinct yellow colour with this reagent. It is possible 
that the use of a dilute solution of the sapogenin, in view ofits sparing solubility in 
chloroform, might have led them to think that the compound was fully saturated. Even- 
tually it was identified as genin-A {lit. m.p.* *249.5-50°, [z]o + 52° (CHCI;) ; triacetate, 
m.p. 159-60°, [*]» — 10° (CHCI,). Also a m.p. 248-50°, [2]o +. 32°.8+2 (absolute 
ethanol) for genin-A +} by determination of mixed m.p. with an authentic sample, prepared 
by the lithium aluminium hydride reduction of the methy] ester of echinocystic acid 
isolated in this laboratory (Barua and Raman, Science & Culture, 1958, 23, 435). 

Ether extraction of the crude sapogenin, after removal of the triterpenoids with 
benzene, yielded a flavono!l, C,,H,,0;, m.p. 300° (decomp.). Its homogeneity was 
established by paper chromatography which gave a single spot in two different solvent 


systems. It contains one methoxyl group. On demethylation under Zeisel’s conditions, 


* Abstracts of the paper have been published in Proc. Indian Sci. Congress, 1958, Part IIL, p. 174 


and 1959, Part III, p. 137. 
** Jeger, Nisoli and Ruzicka, Helv. Chim. Acta, 1946, 29, 1183. 
+ Paech and Tracy, ‘‘Modern Methods of Plant Analysis’’, 1955, Vol. III, p. 99. 
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it furnished quercetin, characterised through its acetate ; on complete methylation, 
quercetin pentamethyl ether was obtained. It formed a tetra-acetate, m.p. 208-209°. 
These values agree well with those recorded for isorhamnetin [Heilbron and Bunbury, 
“Dictionary of Organic Compounds”, 1953, Vol. 3, p. 125, record m.p. 305° (d); 
acetate m.p. 205-207°]. The flavonol acetate slowed no depression in m.p. on 
admixture with an authentic sample of isorhamnetin tetra-acetate. The spectrophoto- 
metric evidence also favours the above conclusion. ‘The failure of the iong wave-length 
maximum of the flavonol to shift in the presence of alcoholic boric acid-sodium 
acetate shows the absence of o-dihydroxyl group in it. It may be pointed out that 
quercetin under these conditions shows a bathochromic shift of 16 my (Jurd, Arch. 
Biochem. & Biophys., 1956, 63, 376). As no free flavonol could be located in the 
plant it may be presumed to be present as a glycoside. 


*EXPERIMENTAL 


Isolation of Genin-A.—The powdered bark (1 kg.) was extracted successively with 
petroleum (b.p. 60-80°), chloroform and ethanol (95%). The alcoholic extract 
was distilled under reduced pressure and the residue, responding to the tests for saponin, 
was taken up with minimum amount of water and extracted repeatedly with hot ethyl 
acetate. The saponin was then hydrolysed under reflux for 4 hours with aqueous 
alcohol (1:1; 1 litre) and HCl (conc.. 200¢.c.), The crude sapogenin was collected, 
washed, dried and soxhleted with benzene and then with ether. 


The benzene fraction on concentration to ca. 150 c.c. yielded a colorless solid (6.5 g.) 
which on dissolution in ether and washing with alkali afforded no acidic fraction. It had 
an extended m.p. of 220-235°. Chromatography of its solution in benzene-ether (1 : x) 
over neutral alumina and elution with the same solvent, followed by crystallisation from 
aqueous ethanol, raised the m.p. of the sapogenin to 235-38°. It developed, in the 
Liebermann-Burchard test, a rose colour changing to pink. 

Genin-A Triacetate—The sapogenin was acetylated with an excess of acetic 
anhydride and pyridine on the steam-bath for 3 hours, left overnight, and worked up in 
the usual way. Chromatography of a solution of the acetate in light petroleum-benzene 
(3:1) over neutral alumina and elution with the same solvent, yielded a gum which on 
crystallisation from methanol furnished genin A triacetate as colorless needles, m.p. and 
mixed m.p. 158-59”, 9°.2 (c, 5-54 in CHCl;). (Found: C 73.64; H, 9.42. 
C;.H;.O, requires C, 73.07; H, 9.59%). It developed an intense yellow colour with 
tetranitromethane. 

Hydrolysis of the Acetate.—Hydrolysis of the above acetate’ with ethanolic 
potassium hydroxide and chromatography of the residue in: benzene-ether (1:1) over 
neutial alumina and elution with the same solvent provided a fraction of m.p. 240-42°, 
which on further crystallisations from chloroform-methancl melted at 243-45° ; 
[a],°? + 29°.4 (c, 0.88 in absolute ethanol). The m.p. remained undepressed on admixture 
with an authentic sample of genin-A. A saturated solution of the sapogenin in chloro- 
form showed a yellow colour with tetranitromethane. (Found: C, 78.56; H, 10.86. 
C;,H;.0; requires C, 78.60; H, 10.91%). 


* All m.p.s are uncorrected. 
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Tsolation of isoRhamnetin.—The ether extract of the crude sapogenin on evaporation 
to dryness left a residue which was triturated with ethyl acetate and the yellow solid 
(150 mg.) was filtered off. It was sparingly soluble in ethano! but crystallised from 
aqueous pyridine as yellow microscopic needles, m.p. 300° ‘decomp.). With magnesium 
and alcoholic hydrochloric acid it developed an orange-pink colour. It showed a dirty 
green colour with alcoholic ferric chloride solution and dissolved in aqueous sodium 
carbonate and hydroxide as also in dilute ammonia to provide yellow solutions, but it was 
insoluble in concentrated hydrochloric acid. (Found: C, 60.58; H, 4.01; OMe, 9.2. 
Ci¢H..0; requires C, 60.76 ; H, 3.8; OMe, 9.8%). 

Absorption (in ethanol) : Amax 255 mp (log ¢ 4.36) and 375 mp (log ¢ 4.38). 

Absorption (with ethanolic boric acid-sodium acetate) : Amax 255 mp ‘log « 4.40) and 
375 mp (log € 4.32). 

Rt value 0.80 (n-butanol-acetic acid-water, 4:1:1) and 0.72 (phenol-saturated water). 
Wada (J. Amer. Chem. Soc., 1956, 78, 4725) records for isorhamnetin the R: values 0.83 
and 0.71 respectively in the above solvent systems. 

Quercetin Pentamethyl Ether.-—The flavonol was methylated with excess dimethyl 
sulphate and anhydrous potassium carbonate in acetone medium. ‘The product on 
crystallisation from aqueous methanol and then benzene-hexane furnished colorless 
needles, n.p. and mixed m.p. with quercetin pentamethyl ether, 151-52°. (Found: C, 
64.52; H, 5.25. Calc. for C2,H2.0, : C, 64.51 ; H, 5.30%). 


Demethylation to Quercetin.—The flavonol was heated for 3 hours. at 150-60° with 
hydroiodic acid and phenol in an atmosphere of carbon dioxide. The yellow precipitate, 
formed on pouring the mixture into water, was d‘rectly acetylated. The acetate crystal- 
lised from ethanol as microscopic needles, m.p. and mixed m.p. with quercetin penta- 


acetate, 190-91°. 
isoRhamnetin Tetra-acetate.— The acetate of the flavonol, prepared in the usual way, 


was crystallised from ethanol as colorless microscopic needles, m.p. 208-209°, undepressed 
on admixture \vith an authentic sample of isorhamnetin tetra-acetate, m.p. 203-204°. 
(Found: C, 59.34; H, 4.12. Cale. for C.4H2.O0,, : C, 59.5; H, 4.13%). 

The authors thank Dr. D. M. Bose, Director, Bose Institute, for his interest and 
encourageinent, Mrs. C. Dutta of the University College of Science, Calcutta, for the 
microanalysis and the Divisional Forest Officer, 24 Parganas Division, West Bengal, for 
kindly supplying the plant material. Their thanks are also due to Prof. [T. R. Seshadri, 
University of Delhi, and Prof. M. Yamaguchi, Tohoku University, Japan, for gifts of 
samples of quercetin and isorhamnetin tetra-acetate respectively. 
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THE DECOMPOSITION OF ORGANIC COMPOUNDS* 
E, W. R. STeaciz 


NATIONAL R&SARCH COUNCIL OF CANADA, OTTAWA, CANADA 


In systematizing our knowledge of the chemical reaction of inorganic compounds 
the fundamental quantities are the heat of reaction and the free energy change. 
From a knowledge of the heats and free energies of formation of a relatively small 
number of the more important inorganic compounds it is possible to predict the 
position of equilibrium in a large number ,f reactions. Further, in inorganic 
reactions the equilibrium is the important thing, since it is usually attained with 
extreme rapidity. Inthe case of organic reactions the situation is quite different. 
Most organic compounds are intrinsically unstable, and the important thing is not 
the position of equilibrium, but the rate at which it is attained. Any generalisations 
which can be made about the rate of decomposition of organic compounds are there- 
fore of great importance. Especially in the gas phase, it has been possible to make 
considerable progress in the last thirty years, and in particular the importance 
of short-lived intermediates {atoms and free radicals) in most gas-phase reactions has 
become evident during this period. 

The transitory existence of free radicals and atoms has long been established in 
spectroscopy. Examples are OH, H, CH and C, and in recent years the methyl 
radical, CH,, and many others. There is no question that the lack of existence of 
free radicals under ordinary circumstances is not due to any intrinsic substance of 
stability but rather to their high reactivity which results in their rapid disappearance 
by reaction with themselves or with other substances which may be present. 


Thus of the possible hydrides of carbon : 


CH; 
CH, 
CH; 
CH, 
CH, 


CH; does not exist because it is intrinsically unstable. CH,, CH, and CH, however, 
are about as stable as CH,, if isolated, but do not normally exist because of rapid 
reactions to form C,H,, etc. 

The idea that reactions involving free atoms may be of importance in chemical 
mechanisins first came from photochemistry. Once the significance of the Einstein 
law of photochemical equivalence was recognized, it became apparent that some sort 
of chain mechanism must be responsible for the very large quantum yields of reactions 
such as the photochemical synthesis of hydrogen chloride from hydrogen and chlorine. 


* Lecture delivered at a meeting of the Indian Chemical Society in Calcutta, on January 9, 1959. 
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The so-called Nernst chain was the first case in which such atomic elementary 
reactions were seriously suggested. This was based on the idea that the initial 
action of light on chlorine was to split the molecule into chlorine atoms which then 
set up reaction chains by the mechanism : 

Cl, + hv — 2Cl 

Cl + H, — HCl + A 

H + Cl, —> HCl + Cl 


Ii soon became evident that such atomic reactions had wide importance in photo- 
chemistry. Inthe 1920’s it also became evident that free radicals such as methyl 
played a part in photochemical reactions and there were sporadic suggestions of their 
participation in thermal reactions. 

Following on this work it was shown by Paneth in 1929 that free methyl radicals 
formed by the thermal decomposition of lead tetramethyl could be detected by 
their reaction with a metallic mirror deposited on the walls of a tube through which 
a carrier gas together with the radicals was flowing. This work proved conclusively 
that methyl! and ethyl radicals were capabie of existence for an appreciable fraction 
of a second at room temperature and low pressures. Subsequent work by Rice 
showed that free radicals could be detected in the thermal decomposition of a large 
number of organic compounds. . 

The detection of any chemical species is always a matter of some ambiguity 
and is always tainted with inference. It may, therefore, be noted that in spite of 
the very great historical significance of Paneth’s work the existence of radicals is 
today much more certainly established by well-understood photochemical mechanisms 
than by the rather erratic results of mirror removal. In any case detection is today 
no longer a question of major importance as far as free radicals in the gas phase are 
concerned. The self-consistency of much photochemical and thermal evidence is 
the best guarantee of the existence and identity of radicals. The establishment of 
such mechanisms has been aided by a number of relatively new techniques. Among 
these are flash photolysis which produces very high radical concentrations, the 
trapping of radicals in solid matrices, mass spectrometry of free radicals and the 
detection of many polyatomic radicals by absorption spectroscopy. The most 
impottant cases of detection of radicals in recent years have been those of the methy!] 
radical by absorption spectroscopy and of HO, by mass spectrometry. 

Since Rice had found that radicals could be detected in most thermal decomposi- 
tions, he suggested that most organic compounds decomposed by a free radical chain 
mechanism. While there is some uncertainty as to the exact mechanism involved, 
there is no question today, that free radicals play an important part in gas phase 
organic decompositions. As an example we may consider the decomposition of a 
sinple organic compound such as ethane. The overail reaction is 


C,H, = C.H, + H,. 


It should be emphasized, however, that this is merely a stoichiometric equation and 
has nothing to do with the mechanism of the reaction, 


‘ 
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There are two main types of mechanism by which the decomposition might 
proceed. One of these is a direct intramolecular change, as indicated by the above 
equation, whereby a molecrle of ethane forms a molecule of ethylene and one of 
hydrogen in a single step. If the reaction proceeded by one step in this way it would 
be simple from a mechanism point of view since only one step is involved, but would 
be a rather complex act from a molecular point of view since it would involve the 
more or less simultancous breaking of two C—H bonds, the forming of an H—H bond 
and the conversion of a single C—C bond to a double bond. 


H H H—H 


| 
H H H H 
Rice has suggested a free radical mechanism for the reaction in which the whole 
overall process is complicated and involves a variety of stages, but in which each of 
the stages is a relatively simple process, viz: 


C.H, — 2CH; (1) 

CH, + C.H, — CH, + C.H; ‘it ee (2) 

— C.H, + H (3) 

H +C.H, > H, + 
etc. 


Thus the first reaction involves the simple split of a single C—C bond, Reaction (3) 
involves again a split of one bond, but in this case reorganization of the resulting 
biradical to ethylene must occur. Reactions (2) and (4) involve the simplest possible 
metathesis in which one atom wanders from one reactant to the other. 

The main feature of the mechanism is that the H-atom lost by (4) is regenerated 
by (3). Thus (3) and (4) together constitute a reaction chain which can repeat over 
and over again, and one molecule of ethane disappears and one each of ethylene and 
of hydrogen are formed in each cycle. The complex scheme thus yields the right 
final products. 

It follows that whenever an ethane molecule decomposes by (1) to give two 
methyl radicals, a chain is set up and many molecules of ethane decompose. The 
relative importance of a molecular rearrangement or a free radical mechanism will 
depend on two factors: the relative activation energies and steric factors of the 
two reactions, and the length of the chain. 

In general, it will be a tidier process to split a bond in the molecule, rather than 
have it undergo a complex rearrangement, but it will involve a greater energy input. 
Thus the simplest scheme would be to pull all the atoms apart and put them 


together again, 


C.H, —> 2C + 6H 
2C + 4H -> C,H, 
2H — H:. 
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This would, however, involve a tremendous momentary concentration of energy in 
the molecule. The free radical split 


C,H. —> 2CH; 


will be much less endothermic, but will still involve the expenditure of more energy, 
temporarily, than the direct molecular rearrangement. 


The whole problem is analogous to a decision as to whether one should get from 
one point to another on opposite sides of a mountain by climbing it or detouring it. 
If the mountain is high and the detour is short, almost everyone will detour. If 
the mountain is low and the detour long, almost everyone will climb. There is, 
however, another point in favour of the free radical split. If the chain length is 
large, a relatively small number of radicals can produce a large amount of decomposi- 
tion. Hence even if a free radical split is a relatively rare event, the free radical 
reaction can swamp out the direct molecular reaction if the chains are long enough. 
If, however, the chains are short, the free radical mechanism can only be of 
importance if the energy requirements for the bond split are not much greater than 
those for the rearrangement, 

There must also be a “‘termination’’ reaction in which the chain-carriers are 
sometimes lost, as otherwise the chains would be of indefinite length, and one radical 
introduced into ethane would cause the decompositio: of all of it. The termination 


reaction postulated by Rice is (5). 


Others are possible and we will return to this point. 


It should also be noted that if the chains are long, since reaction (2) only occurs 
once per chain, the formation of CH, will be negligible. (Actually a small amount 
of CH, is formed in the reaction). ‘The mechanism thus leads to the correct products, 
and at least qualitatively this is true in a large number of cases. 


If the theory is to be accepted, however, it must account not only for the 
products of organic decompositions but also for the kinetics of such processes. It 
is an experimental fact that a large number of organic decompositions follow, at 
least approximately, a first-order rate law, and it is therefore necessary for the theory 
to answer two questions: (a) If the measured process is really the summation of a 
complex series of reaction steps, how is it that the overall reaction follows a first-order 
rate law? (b) If, as is postulated, most reactions occur by breaking of a C—C bond, 
how is it that experimental activation energies for decomposition reactions are usually 


far smaller than the dissociation energy of this bond? 


Rice and Herzfeld answered these questions by showing that mechanisins could 
be devised on a free radical basis which would lead to a first-order rate. Further; 
by a suitable choice of the activation energies of. the part reactions, the apparent 
activation energy of the overall reaction could be made to agree with the experi- 


mental value. 


; 
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Thus it can be shown by a so-called steady state treatment of the above 
techanism for the ethane decomposition, with certain reasonable approximations, that 


4 
-d k, aks 
(-2 [C.H«] ( 


Hence the overall reaction is first-order. Also 
= WE, + E, E, E,) 
66.3 kcal., 


which is considerably less than E,. It should be emphasized, however, that this 
result is dependent on the choice of (5) as the chain-ending step. The choice of 
one or other of the possible chain-ending steps: CH, + CH;, C.H; + C.H;, 
H + CHs, etc., would yield a different activation energy. 


It should also be emphasized that the choice of the chain-ending step cannot be 
made in an entirely arbitrary way. Depending on the activation energies, E,, F, 
and E,, the relative values of [H], [CH,] and [C.H;] will vary enormously, and 
these will govern the relative importance of the possible chain-ending steps. For a 
complete mechanism, ail possible chain-ending steps should obviously be included, 
but this complicates the mathematics so that the situation cannot be handled. Any 
mechanism which employs only one chain-ending step is therefore to be regarded as 
an approximation which can only be expected to hold over a limited range of 
experimental conditions. 

Free radical mechanisms of this sort are of course highly speculative and could 
hardly have been taken seriously in the absence of other evidence. Striking support 
for the fundamental idea of free-radical chain reactions was, however, immediately 
forthcoming. Various workers showed that it was possible to start chains in a 
number of decompositions at temperatures below the normal decomposition range by 
adding tadicals (produced by the decomposition of other substances thermally or 
photochemically). Thus butane can be ‘“‘sensitized’’ by the presence of decomposing 
tetramethyl lead : 


CH; + C.Hip CH, + C,H, etc. 


These observations prove that free radicals can cause chain decomposition of a 
large number of organic substances. They do not, however, necessarily prove that 
such free-radical chain decomposition occurs in the normal pyrolysis of the substances 
concerned. 

Further evidence for the chain character of a large number of decomposition 
reactions is furnished by the nitric oxide inhibition method. This employs nitric 
oxide as a radical trap, i.e , 


R + NO — RNO. 


Radicals are thus removed from the system and chains are prevented. 
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On the assupmtion that maximum inhibition by nitric oxide corresponds to the 
complete suppression of chains normally present, chain lengths of from two to twenty 
may be calculated for the decomposition of a number of substances. This is a definite 
evidence for the presence of chains, but in most cases the chain lengths thus obtained 
are far too small to be in accord with the Rice mechanisms. In some cases it seems 
probable that the Rice mechanism may hold for a fraction of the total reaction, the 
remainder of the substance decomposing by a molecular mechanism. ‘There is also 
some doubt if the maximum inhibition produced by increasing amounts of nitric 
oxide really corresponds to the complete suppression of chain processes. 


The difficulties in the interpretation of inhibition mechanisms emphasize the 
impossibility of obtaining a yes-or-no answer to the question of th2 applicability cf 
the Rice mechanisms. Particularly in the last ro years it has been apparent that 
what is mainly required is not the investigation of mechanisms of decomposition of 


individual substances, but rather the independent investigation of the rates of reactions 


involving organic free radicals. If the rates of such reactions could be determined 


unambiguously, it would be possible to make many detailed predictions about the 
overall mechanisins of organic reactions. 


As a result, the mechanisms of thermal reactions have ceased to be of major 
Attention has been 
concentrated rather on individual free-radical 1eactions, and these are usually best 
investigated by photochemical meaus, Already such investigations have shown 
that, while the Rice mechanisms are surprisingly correct in principle, they are grossly 
over-simplified in practice. Decomposition mechanisms are thus much more conipli- 
cated than what had been assumed. For the rest of this lecture we will, therefore, not 
consider further the mechanisms of thermal decompositions, but will discuss the 
kinetics of radical reactions in the gas phase. 

The direct investigation of free-radical reactions is 
The first requirement is of course a supply of radicals. In 
of stable substances the investigation is commenced by mixing known quantities of 
the purified substances. In the case of radicals with a life of 10°* to 1o~® secs., this 
is of course impossible and radicals can only be obtained by preparing them in situ 
and allowing them to react immediately with whatever substance is in their neigh- 
bourhood. As a result, there are in the first piace some uncertainties as to whether 
radicals are present at all and as to which radicals may be there. In the second 
place, at any given time there will normally be relatively few radicals present. This 
difficulty is overcome in flash photolysis where very high radical concentrations are 
obtained. However, flash photolysis experiments are rarely possible under isothermal 
conditions and therefore often involve great uncertainties in interpretation. Thirdly, 
since radicals are prepared in situ they always exist in the presence of a very large 
amount of foreign material, i.¢., the material from which they are formed. Thus 
if the methyl radical is prepared by the photolysis of acetone, we may have, say, 
50 mm of acetone and 10°° mm or less of methyl. A fourth problem is that 
analysis is very difficult because of the short life of the radicals and any analytical 


interest as far as gas phase free-radical chemistry is concerned. 


a matter of some difficulty. 
dealing with the reactions 
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inethod which is used, is apt to produce a drastic disturbance in the system. Asa 
result, the amount and nature of the radicals have often to be inferred from the amount 
of some stable substance formed and the assumption of the mechanism by which it 
arises. In general, what has to be done is to draw up a mechanism consisting of several 
plausible stages, deduce mathematically its significance as far as the final products 
are concerned, and the effect on the rate of the various experimental parameters, 
and then determine if the mechanism fits the experimental results. In this way it is 
possible gradually to build up a knowledge of these reactions and slowly and painfully 
to establish a set of self-consistent data on the rates of free-radical reactions. 


The experimental problem is fundamentally the following. For a reaction of 
the type CH, + RH — CH, + R one can determine the rate of reaction by measuring 
the rate of formation of methane. We thus have the expression for the rate constant 


of the reaction 
Ren, = k [CH,] [RH], 
where Rew, is the rate of formation of methane, and [CH,] and [RB] are the concen- 
trations of CH, and RH respectively. However, since [CH,] is normally unknown 
it is impossible to calculate k. The whole problem of the investigation of radical 
reactions is to get around this difficulty. In the past, two methods were employed. 
In the first place, provided that the whole mechanism of the reaction and all its steps 
are known in detail, it will be possible to calculate the concentration of methyl! from 
the mechanism. This method has often been followed but has often led to erroneous 
conclusions. Its great weakness is that the mechanism must be known in complete 
detail, aud any missing step may entirely upset the calculations. The second method 
which has produced much useful data has been to investigate reactions in such a way 
that methyl] radical concentrations can be cancelled in equations involving two reactions, 
and thus relative rate constants may be obtained in a comparatively simple manner. 
Finally, in recent years it has become possible to arrive at vaiues of methyl radical 
concentrations from a knowledge of the rate of the methy) radical recombination, and 
this has enabled much accurate and reliable data to be accumulated in the last five years. 
As an example of the problem, and of the kind of method which may be used, let 

us consider the investigation of hydrogen abstraction by methy] radicals, as in the 
above case. ‘The necessary methyl radicals may be produced by the photolysis of 
acetone. At high temperatures the pertinent steps in the mechanism of the reaction 
can be written as: 

CH,COCH, 2CH, + CO 

CH; + CH,;COCH; — CH, + CH,COCH, 

2CH, — C.H,. (3) 

‘or the rates of reactions (2) and (3) we can write 
Renu, = k2[CHs] [acetone] 
Re,u, = k,[CH; 


Ren, [acetone] 
k,* 


We can thus get a measure of the relative rates of (2) and (3), i.e., the ratio k./k,'- 
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In the presence of a hydrocarbon, methane will also be formed by 
CH; + RH —CH, + R 
and we have 
Ren, = k:[CH,] [acetone] + [RH] 
= ks [CH,]? 
Ren, &; [acetone | +k, [RH] 

We can thus get information on the relative rates of various reactions of type (4), 
referred to the rate of combination of methyl radicals. In somewhat similar ways a 
variety of free radical reactions have been investigated in recent years, and we new know 
a great deal more about the rates of such ‘‘elementary reactions’, and about the 
dissociation energies of bonds in organic molecules. 


In reporting the results of such experiments it is customary to do so in terms of the 
Arrhenius equation 
k = Ae-FikT, 
where k is the rate constant of the reaction, A is a constant, called the frequency factor, 
and FE is the activation energy. It should be emphasized that the quantities A and FE 
must both be determined experimentally, and that assumptions that A has always the 
same value for unimolecular or bimolecular reactions have no foundation, either experi- 
mental or theoretical. It is sometimes convenient to write 
A= PZ 
where Z is the collision number (assuming gas-kinetic cross-sections) and P is the 
so-called ‘‘steric factor’. It may be objected that the calculation of P involves 
unjustifiable assumptions about the collision cross-section. It should be emphasized, 
however, that the fundamental question is whether A is low or high, and that P is 
merely a conventional method of expressing this. An unusually low value of P, for 
example, implics an unusually low value of A_ irrespective of any uncertainties about 
collision cross-sections. 
Results of particular interest have been obtained for two types of reaction. The 
first of these involves radical-radical interactions, e.g. 


2C.H; C,Hy recombination 
or -—>C.,H, + disproportionation. 


A number of determinations have been made of radical recombinations for CH;, 
C,H; and CF;. These indicate values of the frequency factor at higher pressures of 
the order of 2 x 10" c.c. mole™' sec.~', corresponding to collision efficiencies of the 
order of unity, i.e., to an activation energy of zero and a steric factor of about unity. 
Such measurements are very important since they furnish a ‘‘yard-stick’’ for the 


values of the concentration of CH;, C,H; or CF; in many reaction systems. 


A second type of reaction for which much information has been obtained is 
hydrogen-abstraction such as (4). As pointed out above, relative values of k, have 
been obtained in the past. Now that the rate of recombination of methyl radicals 


4 
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is known, the values of k, become absolute. In recent years accurate data for about 
100 reactions of this type have been obtained. The main points of interest are, first, 
that the influence of chemical structure on the reaction rate is in good agreement 
with predictions from organic chemistry, tertiary hydrogen atoms being more reactive 
than secondary, which in turn are more reactive than primary. Secondly, activation 
energy values are found to cover a relatively narrow range (mainly from 6—13 keal.). 
Finally, the most striking feature of the results is that it has been established unequi- 
vocally that the frequency factors for these reactions are relatively low, in the range 
from 10° to ro c.c. mole" sec.“ (i.e. the steric factors are in the range from 10~* to 
10°*). Recent theoretical investigations by Bywater, Stepukhovich and others indicate 
that theory is sufficiently elastic to cover this range of values without fundamental 
modification, 

Considerable information has also been obtained on other types of radical reaction 
and it is now possible, therefore, to make much more accurate assignments of activation 
energies and frequency factors to the part-reactions in radical mechanisms of the 
Rice type. Thus if we consider the ethane decomposition once more, we can make a 
fairly accurate assignment of activation energies. However, the mechanism turns out 
to be still in difficulties and it appears to be unlikely that the entire process proceeds by 
a radical mechanism, but certainly, that part of it does. 


The above difficulties with the mechanism of the ethane decomposition raise the 
question of the status of all the Rice mechanisms. A wide variety of evidence indicates 
that these mechanisms contain much basic truth. There is no doubt that free radicals 
are produced in most gas-phase decompositions. ‘There is also no doubt that the types 
of reaction postulated in these mechanisms are inherently plausible, and occur readily. 
There are, however, many reasons why the mechanisms cannot be expected to be 
quantitatively true in all cases. 

(a). The main trouble is that a very large number of part-reactions are possible. 
The mechanisms essentially choose certain of these and neglect the others. It seems 
certain that in most cases the mechanism must vary with temperature and pressure if 
conditions are varied over a wide enough range. 


(b). From one decomposition to another, there will be small but significant 
changes in the rates and activation energies of the various types of reaction. ‘These 
will profoundly alter the relative rates of the part-reactions, the concentrations of 
radicals, etc. Asa result one must expect wide difference with different substances, 


(c). In particular it is to be expected that the participation of non-free radical 
processes will vary widely in importance from case to case. 


As a result, it appears that the search for a universal type of mechanism for 
decomposition reactions is probably ill-advised, and various substances may be expected 
to exhibit their own idiosyncracies. ‘here is, however, no doubt of the importance of 
free-radical mechanisms, or of their at least partial applicability to most substances. 
In the meantime the sorting out of the complications is a matter which requires a great 
deal of further experiment; and an empirical chemistry of short-lived substances must 
be built up, 
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SHORT NOTES 


BROMINATION OF 2-AMINOTHIAZOLES WITH THE HELP 
OF N-BROMOSUCCINIMIDE 


By G. N. MAHAPATRA 


In the present communication, each of the seventeen 2-amino-4-arylthiazoles, 
synthesised and brominated earlier with liquid bromine in acetic acid at o° (Mahapatra, 
this Journal, 1956, 38, 527), has been brominated with the help of N-bromosuccinimide 
at the room temperature in chloroform medium, giving rise to the corresponding 
5-bromo-4-aryl-2-aminothiazole in each case. N-Bromosuccinimide being a good bromi- 
nating agent, brominates the 2-aminothiazoles without affecting the free amino group, 
provided that it is not in excess and is added very slowly. If N-bromosuccinimide is in 
excess of the requisite amount, or added too quickly, side reaction takes place and 
the mixture gradually becomes dark and a resinous product is ultimately isolated. 
This shows that N-bromosuccinimide attacks the free amino group only when it is 
in excess, and this makes the compound gummy. To avoid such side reactions, 
the free amino group may be protected by acetylation and the acetylated aminothiazole 
can be brominated with the help of N-bromosuccinimide without having any side reaction, 


even though the latter is in excess. 


R—C—N R—C——N 


— 20° 
NB —> Br—C C—NH, + | 


HC C-NH, + | 
\Z CH,--CO CH.—CO 


4-Aryl-2 aminothiazole. N-Rromosuccinimide. 4-Aryl-5 bromo-2-aminothiazole. 


The position of the bromine atom in the thiazole nucleus is at the carbon atom 5, 
the evidence for which has already been discussed in an earlier paper (Mahapatra, 


loc. cit.). The yields in these cases are generally higher than those obtained from 


direct bromination, and the process is much simpler. 
Bromination of 2-Amino-4-phenylthiazole.—2-Amino-4-phenylthiazole (1g) was 


dissolved in chloroform (go c.c.) and the mixture was mechanically stirred at the room 
temperature. N-Bromosuccinimide (1 g.), dissolved in chloroform (30 c.c.), was added 
gradually during 20 minutes with stirring. After the addition was complete, the 
stirring was continued for 15 minutes and then the chloroform was distilled off in 
vacuum. ‘The solid residue was treated with concentrated ammonia, filtered and 
washed. The product was finally crystallised from elcohol, m.p. 108°, yield 80%. 
(Found: Br, 30.97; S, 12.21. Calc. for C,H,N,BrS: Br, 31.37 ; S, 12.55%). 

All the remaining 2-amino-4-arylthiazoles were brominated by N-bromosuccinimide 
in the same way as shown above aad yielded the corresponding 5-bromo derivative 
in each case. 

The author is highly grateful to the Government of India, Ministry of Scientific 
Research and Cultural Affairs, for a research grant to carry out the above work. 
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SYNTHESIS OF 6-(2-ALKYL-4 :5-DIMETHUXYPHENYL)-n-BUTYLAMINES 


By H. N. SHARMA AND C, N. Kacuru 


8-(2-Alkyl-4 : 5-dimethoxyphenyl) ethylamines were prepared by Kachru and Pathak 
(this Journal, 1957, 34, 611) and their in vitro amoebacidal activity was studied by 
Kaushiva (J. Sci. Ind, Res., 1957, 16C, 224) who pointed out that hexy! substitution 
conferred maximum activity. Moreover, the 8 compounds seemed to show greater 
activity than the corresponding «-compounds. Based on these observations, the 
preparation of  y-(2-alkyi 4:5-dimethoxyphenyl)-propylamines and 4-(2-alkyl-4:5- 
dimethoxypheny])-n-butylamines was taken up. The synthesis of the former ones 
has been described by Sharma and Kachru (this Journal, 1959, 36, 117), while 
that of the latter ones is described here. ‘These would be tested for amoebacidal 


activity. 
CONH, 
MeO Ci, MeO (CH2), 


(I) (II) 


y-(2-Alkyl-4 : 5-dimethoxyphenyi)-n-butyramides (I) were prepared as intermediates 
in the course of the synthesis of y-(2-alky!-4 : 5-dimethoxyphenyl)-propylamines 
(Sharma and Kachru, loc. cit.). These amides ‘I) were reduced to the corresponding 


amines (II) with LiAlH, in very low yields. 


Reduction of the Amides with LiAlH,.—In a 500 c.c. two-necked flask, fitted with a 
reflux condenser and a guard-tube, were placed dry ether (200 c.c.) and LiAlH, ‘0.015 M) 
and the mixture was refluxed for about 10 minutes, covled and the y-alkyl- n- 
butyramide (0.01 M), dissolved in dry ether, was added to the sluriy at such 
a rate that a steady gentle refluxing was maintained. After the addition was 
complete (1 hour), it was refluxed for 8 hours and the excess of LiAIH, then decom- 
posed by the dropwise addition of water. The ethereal layer was decanted and 
the residue extracted with fresh ether. The combined ether extract was dried over 
KOH. Ether was removed and the residual amine isolated either as a picrate or 


as a hydrochloride. 
10—19,6P—§ 
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Bu" 
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5-(2-Alkyl-4 : 5-dimethoxypheny])-n-butylamine (II). 


Cryst. from. 
Picrates. 

EtOH (dil.) 

Do 

Do 
EtOH 

Hydrochlorides. 

EtAc + EtOH (abs. 
EtAc 


M.P. 


164-65° 
176° 

187 
175° 


155 
128° 


Formula, 


CigHayOgNy 


CisHg0,NC1 


% Nitrogen. 


Found. 


12.27 
12.2 


4-75 
4.72 


Cale. 


12.39 
12.02 


4.87 
4.64 


The authors express their sincere thanks to Dr. Mata Prasad, Vice-Chancellor, 
Vikram University, for facilities during the course of the investigation. 
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Selenium (Se) : 


0.0025 % 
0.0002 % 


0.00002 % 
0.0002 % 
0.0001 % 
0.1 part 
per million 
0.0005 % 


0.001 % 


0.001 % 


0.00007 %, 


0.0003 % 
0.0002 % 
0.0001 % 
0.02 part 


per million 


0.001 % 


0.0002 % 
0.0003 % 
0.0002 % 
0.0001 % 
0.04 part 
per million 


Oxygen Absorbed (0): 0.00015 % - —_ 


We invite orders and enquiries, 
Write us about your requirements 
for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA BOMBAY KANPUR 
Office: 6, Ganesh Chunder Avenue, Calcutta-13 
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MADE IN INDIA 


VERY RELIABLE {NDIGENOUS SUBSTITUTES 
OF GUARANTEED ANALYTICAL REAGENTS HIGH VACUUM ROTARY PUMP 
MAY BE FOUND IN Single Stage & Two Stage 


Suitable for u-e in Laboratories and small-scale 
industrial vacuum operations 


“BASYNTH” 


Brand 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 

Xylene 
Petroleum Ether 
Amy! Alcohol 
Buty! Alcohol Etc., Etc, 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE$LIMITED 


P. O. Jadavpur University, Calcutta-32 


*All Indian Materials and Construction 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P.O. Jadavpur University, Cal-utia-32 


* FOR YOUR REQUIREMENTS 
OF ALL KINDS OF EQUIPMENTS FOR RESEARCH * 


RAJ-DER-KAR & CO., 


SADHANA RAYON HOUSE, Dr. D. NAOROJI ROAD, BOMBAY-1 
Branch office : 
44/6, Regal Building, Connaguht Place, New Delhi. 


Telephone : 26-2304 
Telegram : TECHLAB 


A few of our Agencies : 
* LUDWIG SEIBOLD, Austria, 
For pH Testers, Titrators 
and Recorders etc. 
EASTMAN KODAK U.S. A., 


For All Sorts of Complex 
Organic Chemicals. 


*W.A. TAYLOR & CO., U.S. A., 
For pH Comparaiors, Indicators, 
Water Analysers etc. 


* TRACERLAB Inc., U. S. A., 
For Radiochemicals & Equipments 
for Nuclear Research. 
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Phone—84-3176. Telegrams—Nadiachemi. 


NADIA CHEMICAL WORKS PRIVATE LTD. 


C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA-12. 


Manufacturers of :— 


1. CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals 


STILLS for distilling Essential Oils, Alcohols, 


Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


. OVENS, Baths &c. for Gas, Oil or Electric heatings. 


. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


5. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 


2 
a 
3 
s 
| 


J. 1. C. S., May, 1959. 


FOR 


: for 

LABORATORIES 

: GAS SUPPLY 

PLANTS 
HEATING - 

IN =a must for a modern 
LABORATORY Laboratory and 
INDUSTRY experience of many 


KITCHEN 


GANSONS 
PRIVATE LIMITED. 


P.O.B. 5576, BOMBAY.14. 


——-Also makers of—— 


Superior Laboratory Fittings 
Atomic Lquipments. 


16, RADHANATH CHOWDHURY ROAD, 
Branch=30!, LINGHI 


CALCUTTA 15 


Our Specialities—Fitting of Oil Gas plants, Supply of 
Science Laboratory Equipments, Furniture & Wood 
work of all descriptions. 


ex stock P YR EX’ pranp 


(MADE IN ENGLAND) 


Laboratory Glassware 


available from ready stock 


4LSO 


(MADE IN CHINA) 


PLEASE CONTACT: 


LABORATORY FURNISHERS 


DHUN MANSION, VINCENT ROAD, DADAR, BOMBAY 14 


TELEPHONE : 62741 
Branch: AHMEDABAD 


MICROSCOPES—SLIDES—FILTER PAPERS 


x 
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A selection from our range : 


Acetone 

Acid Acetic glacial 99-103% 
Alcohol Amyl 

Alcohol Methyl! 

Barium Carbonate 

Barium Chloride 

Benedicts’ Solution 


Benzene 


Carbon Tetrachloride 


Lead Acetate 
Liquor Ammon Fort (24/27% ) 
Magnesium Sulphate XL 


Laboratory Chemicals § Reagents 


of a wide range are manufactured by us under expert 
supervision to ensure guaranteed standard & reliability. 


THE CALCUTTA 
CHEMICAL CO., LTD. 


HEAD OFFICE: 35, Panditia Road 
Calcutta 29. 

BRANCH OFFICES & DEPOTS AT: 

Delhi, Madras, Bombay, Bangalore, 

Vizag., Nagpur, Jamshedpur, Patna, 

Ranchi, Bhagalpur, Madhupur, Asansol, 

Siliguri. 
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A Monumental Work Published March 1956 


A book that should find place on the shelves of every Library 
HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 


Incorporating 


HISTORY OF HINDU CHEMISTRY 
by Acharya Prafulla Chandra Ray 


Edited- by Pror. P. Ray 


Royal 8vo. Rexin bound, 494 pages with 39 illustrations. 


Price ex-postage: Prime Edition :—Rs. 24/- (Inland), Ordinary Edition—Rs. 20/- (Inland) 
£ 2/- or $ 6 00 (Foreign) 
For Fellows Rs. 20/- Rs, 16/- 
Anu invaluable book for students of science* and history and to all persons interested in 
the scientific heritage of India. 


PUBLISHED BY THE INDIAN CHEMICAL SOCIETY 
92, Upper Circular Road, Calcutta-9, INDIA. 


Some Opinions : 
Nature, January 5, 1957. 


**Since there is much new material in the book, all those who are fortunate enough tu 
have the earlier edition will wish to have the new one. is 
All those interested ia the History of Chemistry owe a debt of seattle to Prof, P. Ray 


and the Indian Chemical Society for its publication’’, 
J. R, Partington. 
Journal of Chemical Education, February, 1957: 


Professor Ray, in his carefuljy constru®ted revision of Prafulla Chandra Ray's 
standard ‘History of Hindu Chemistry’ has given us a highly informative and interesting des- 
cription of Indian Chemistry, In chronological order, the contributions of Indians to chemist ry 
have been recorded from the Harappa p:criod of the fourth millennium B.C. to the end of 
Mogul culture..........++.+. Many of the ideas described make delightful reading for the average 
chemist with a historical bent............ chemists and historians of chemistry will find in this 
book a valuable assessment of ancient Indian chemitry and culture’’. 


ISIS-Vol. 49, p. 362, Sept., 1958. 

OF sscequeqneqes «... this new book is very valuable both as a re-edition of an out-of-print 
classic collection of fundamental data and as a presentation of much well illustrated documen- 
tation of Indian achievements in the practical arts in the field of chemistry, according to the 


archeological findings’’. 
J. Filliozat. 


XII 


4 
| 
; 
| 
| | 
I 
— 


56 


in 


J.1.C.S, May, 1959 


Analytical Balance. 


BALANCES and WEIGHTS © 


‘The Wide range ASCO Balances, include 


ANALYTICAL BALANCE: For routine 
work, sturdy and yet accurate and sensi- 
tive. Capacity 200 gms. and sensitivity 
1/10 mg. 

ANALYTICAL BALANCE USA PAT-. 
TERN: Suitable for all precision work, 
high, short armed triangular beam, coun- 
terpoised front door and two side doors. 
Capacity 200 gms. Sensitivity 1/10 mg. 
APERIODIC ANALYTICAL BALANCE: 
Maximum load 200 gms., air damped, all 
fractional gm. weights optically pro- 
jected. Fractional weights can be applied 
by a single knob without opening the case. 
Light switch works with arresting mech- 
anism, six-sided case, sensitivity 1/10 
mg- corresponds to 1/1oth division of the 
scale projector on the screen, 
SEMI-ANALYTICAL BALANCE: Speci- 
ally designed for College work, where the 
analytical balance will be too expensive 
and yet moderate accuracy is required. 
Capacity 200 gms. Sensitivity 1/5 mz. 


Cail for literature from: 


THE ANDHRA SCIENTIFIC CO. LTD. 


MADRAS, MASULIPATAM, POMBAY, CALCUTTA, DELHI, HYDERABAD and WALTAIR 
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PARAFFIN 
EMBEDDING BATH 


= 


DISSECTING 
MICROSCOPE 


THE SCIENTIFIC INSTRUMENT €0. LTD. 
Allahabad, Bombay, Calcutta, Madras, New Dethi 


oh 
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PRODUCTS 
CIRCULAR affin Eimbedding® RECTANGULAR 
WA R BATH Tables: WATER BATH ‘ 
Kjeldhal 
PEE EE EECE Lamp and-Sealess= 
Oscillator 1000 
| 
WHEATSTONE BRIDGE 


PRESIDENT : 
K. VENKATARAMAN, D.Sc., F.R.I.C.; F.N.I. 


VICE-PRESIDENTS : 
( who have filled the office of President } 


. Bos#, D.Sc., F.N.L. 


GUHA, D.Sc., Pu.D., F.N.L 
GUHA, D.Sc., F.N.I. 


P.K 
N. R. Duar, D.Sc., Dr.zs.Sc., F.R.I.C., F.N.I. 
B.C 
P.C 


J. N. MUKHERJEE, wan D Sc., 

B. 
Mata Prasap, D.Sc., F.R ; 
J. N. Ray, O.B.E., D.Sc., 
P. M.A., F.N.I. 


B. K. SIncH, Sc. D., F.R.L.C., F.N.I. 


VICE-PRESIDENTS : 


B. N. Guosu, D.Sc., F.N.I. 
P. B. SARKAR, Dr.ks Sc., F.N.I. 


HONY. SECRETARY : 
M. M. Cuaxraparty, M.Sc., 


V. SupRAHMANYAN, D.Sc., F.R.I.C., F.N.1. 
S. S. Josn1, D.Sc., F.N.1. 
President of Banaras Branch (ex-officio). 


HONY. TREASURER : 
D. CHAKRAVARTI, D.Sc., F.N.I. 


MEMBERS OF THE COUNCIL : 


N. ApurKari, M.Sc. 
A. K. Buatracnarya, D.Sc., F.R.1.C. 
Mrs. CHATTERJEE, D Sc, 

B. CHATTERJEE, D.Sc. 

_A. C. D.Sc., Dr. ING. 

R. D. Dusar, D.Sc. F.R.I.C., 


K. S. G. Doss, D.Sc., F.N.I., F. R.I.C. 
F 
T. N. Menta, M.Sc, Px.D. 


F.I. 
F.A.Sc., F.N.I. 


R. P. Mirra, D.Sc., F.N.I. 

S. M. Moxueryji, D.Sc., F.N.1. 
S. N. Moxuerjee, D.Sc. 

P. V. Narr, M.Sc., D.Pat. 

A. B. Sen, M.Sc., Pa.D. 

B. Prasap, D.Sc., F.N.I, 

R. C. Suan, D.Sc., Pa.D., F.N.I., F.R.I.C. 
_B. S. SRIKANTAN, D. Se. 

“L. M. YeDDANAPALLI, M.A., Ph.D., D.Sc. 


HONY,. EDITORS : 


D. K. Banerjee, D.Sc. 
A. N. Kappanna, D.Sc. 


BOARD OF ASSOCIATE EDITORS : 


U. P. Basu, D.Sc., F.N.I. 

Mrs. A. CHATTERJEE, D.Sc. 

B. CHATTERJEE, D.Sc. 

P. C. Durra, D.Sc. 

B. N. Guosa, D.Sc.,F.N.I1. 

B. C. Guna, D.Sc., Pa.D., F.N.I. 


F.R.I.C, 
S. Zanzer, M.A., Ph.D. 
S. M. Muxueryji, D.Sc., F.N.I. 
S. N. MukHerjee, D.Sc. 
P. Ray, M.A., F.N.I. 
S. P. D.Sc., P#.D., F.N.L, 
F, R.LC., 


P. B. SARKAR, Dr.&s. Sc., F.N.I. 
S. H. Zanger, M.A,, 


HONY. AUDITORS : 


P. NAnpI, M.A., A. 
A. B. Gupta, B.Sc., L.L.B.,A-C.A.R.A, 


Asst. SECRETARY: 
K. L Moxueryjes, M.Sc. 


Asst. EprrTor: 
G. Banerjee, M.Sc. 


F.N.I. 
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Regtd. No. C1878 


REGD. TRADE MARK BRAND 


STANDARD INTERCHANGEABLE GROUND GLASS JOINTS 
SIMPLIFY APPARATUS ASSEMBLY 


The practical development of ‘PYREX" Scientific Glass 
ware is strictly in accordance with B.S.S. No. 572/1950. 

Because these ground glass joints are standard and _inter- 
changeable, they not ouly simplify apparatus assembly, but 
also ensure perfect fit and freedom from leaks. Standard 
adaptors make possible smooth interchange between  yessel 


and vessel. 
In addition, the sturdy strength of the jointsand the robust 


walling of the tubing are a distinct protection against fracture 
whether this be due to rapid exchange of temperature or 
actual physical shock. 

These characteristics make ‘PYREX 
Scientific Glassware distinctly safer 

and more reliable than ordinary 

glassware thus leading to greater 

economy in usage. 


‘P YREX’ 
‘Laboratory 
and 
Scientific 
Glassware 


MADE BY 
JAMES A. JOBLING & CO., LTD. 


WEAR GLASS WORKS, SUNDERLAND, ENGLAND 
The original and only makers of ‘PYREX’ Brand glass in the United Kingdom 


SOLE AGENTS IN INDIA : 


GORDHANDAS DESAI PRIVATE LTD. 


PHEROZESHAH MEHTA ROAD, BOMBAY.1 


Branches : 
P-7 Mission Row Extension, 4/2B, Asaf Ali Road, 22, Linghi Chetty Street, 
CALCUTTA 1. NEW DELHI. MADRAS 1. 


Printed by Sri Sibendranath Kanjilal, Superintendent, Calcutta University Press, 48, Hazra Road Ball 
Calcutta and Published by .G Banerjee, M.8c., Asst, Editor, Indian Chemical Society. : ata 
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